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Pro  toque 


This  report  on  the  interaction  of  technology  and  the  three  E's  - Energy , 
Environment,  and  Economy  - is  based  on  work  during  the  past  year  of  a special 
panel  of  the  Governor  ' s Science  Advisory  Committee  (GSAC)  carried  out  at  the 
request  of  the  Governor.  It  endeavors  to  identify  significant  technological 
trends  and  options  with  special  relevance  to  Pennsylvania. 

The  Panel's  findings  were  discussed,  many  times  both  in  their  deliberations 
and  with  the  full  Governor's  Science  Advisory  Committee.  There  is  agreement  on 
the  urgency  and  importance  to  Pennsylvania  of  proper  development  of  nuclear 

power  and  of  the  three  C's  - Conservation  of  energy.  Conversion  to  Gcal  (in  the 
70’ s),  and  Conversion  o f Coal  to  sulfur-free  aas  and  oil  (for  the  80's). 

Currently  GSAC  panels  are  preparing  reports  scheduled  for  early  1974  on 
Criteria  for  Power  Plant  and  Transmission  Line  Siting  in  Pennsylvania  and.  on 
Pennsylvania' s Opportunities  for  Transportation  Developments. 

The  Governor , aware  of  the  need  for  urgency,  recently  created  an  Energy 
Task  Force  comprised  of  the  heads  of  the  state  agencies  responsible  for 
Commonwealth  programs.  The  need  for  wise  energy  use,  an  adequate  energy 
supply,  a quality  environment,  and  healthy  economy  demands  focused  atten- 
tion on  energy  developments  during  these  critical  years  of  the  raid-70 ' s . 

The  best  judgments  of  informed  Pennsylvanians  are  needed  to  guide 
energy  management  in  Pennsylvania  and  we  believe  that  this  report  can 
contribute  to  such  considerations. 


PENNSYLVANIA'S  ENERGY  NEEDS:  TEE  PRESENT  STATUS 


THE  GOOD  NEWS 


Pennsylvania's  Fuel  Demands 

•-  — - - - ■ ■ - - - - - 


% of  Pa.  Needs 
(1970) 


% of  U.S 


Overall  Pennsylvania 

— Uses  more  available  coal 
— Uses  less  scarce  natural  gas 


(1972) 


38% 


17% 


17% 


(Oil  makes  up  nearly  all  of  the  rest) 


Pennsylvania' s Industry 


— Uses  natch  coal  (55%  of  its  fuel  needs)  and  little  petroleum.  (17%  of  needs). 
Pennsylvania  Utilities 


--Generate  over  60%  of  electricity  from  coal  and  less  than  247,  from  oil. 

— On  completion  of  9_  new  plants  (by  1931?)  will  DOUBLE  CAPACITY  with  1/3  from 


nuclear  fuels  and.  less  than  1/6  from  petroleum. 

Pennsy  Ivccnia  ’s  Environme?i  t 

— Primacy  air  standards  can  be  met  with  perhaps  minor  variances  for  short 
periods  during  the  70’ s. 

— Modem  machinery  and  techniques  for  strip  mining  and  land  restoration 
provide  low  cost  coal  with  excellent  environmental  protection. 

— Technology  developments  about  to  be  accelerated 3 including  conversion 
of  coal  to  sulfur- free  oil  and  gas  will  provide  clean  energy  options  WITH 
MAJOR  BENEFITS  IN  THE  SO ' S AND  BEYOND . 

New  Commonwealth  Enerqy  Proarams 

■ ,-U  A - JU 

Commonwealth  agencies  are  working  with  the  state's  industry  and  universities 

to  initiate 

— Early  use  of  measures  to  stop  waste  and  increase  the  efficiency  of  energy  use. 

— Wide  use  of  the  best  technology  and  environmental  guidelines  for  greater 
use  of  coal  at  acceptable  costs. 
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PENNSYLVANIA’S  ENERGY  NEEDS:  THE  PRESENT  STATUS 


IV. 


THE  BAD  NEWS 

Impact  of  the  Shortage 

— 75%  of  Pennsylvania  residential  and  commercial  heating  is  supplied  by  scarce 
oil  and  natural  qas. 

kJ 

— Transportation  of  people  and  goods  is  almost  completely  dependent  on 
petroleum. 

— Apportioning  of  fuels  will  likely  result  in  some  cut-backs  in  heating  and 
air-conditioning,  in  auto  and  air  travel , and  cut-backs  or  interruption  in 
industrial  operations  (affecting  gobs  and.  incomes). 

Barriers  to  an  Increased  Supply  in  the  70' s 

— Pennsylvania  is  short  of  facilities  to  refine  petroleum  and  to  transport  and 
store  petroleum  and  natural  gas. 

— There  exi-st  many  delays  in  the  constructio?!  of  the  6 planned  nuclear  power 
plants  scheduled  by  1981. 

— The  scarcity  of  capital3  skilled  manpower,  and  equipment  slaws  developments 
of  new  supplies  of  coal 3 and  of  new  energy  facilities . 

— Greater  use  of  coal  in  the  70' s may  require  some  temporary 

variances  in  meeting  primary  air  quality  standards  and  may  be  limited  unless 
application  of  secondary  air  standards  is  somewhat  delayed. 

Barriers  to  an  Increased.  Supply  in  the  80  's  and  90 's 

— Federal  import 3 pricing 3 and  environmental  regulations  dais courage  the  develop- 
ment of  new  domestic  petroleum  and  natural  gas  supplies  and.  the 
building  of  refineries . 

— The  logistics  of  importing  oil  requires  huge  tankers  and  major  off-shore 
deep  water  ports ? which  do  not  now  exist. 

— The  Commonwealth's  energy  problems  of  the  80 's  and  90  rs  will  center  on 
fuel  costs 3 the  supply  of  nuclear  fuels , cooling  of  power  plants  with 
minimum  use  of  cur  sometimes  drought-limited  water  supply 3 efficient  public 
transportation  systems 3 and  the  location  of  power  plants  and  high  voltage 
transmission  lines. 


( ' 
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1. 


♦ 


The  Need  and  Opportunity:  Summary  and  Recommendations 

To  meet  the  energy  shortages  of  the  70’ s arui  to  benefit  from  new  developments 
for  the  SO'Sj  the  Commonwealth  must  establish 

— Public  policies  - based  on  on-going  knowledge  and  understanding 
of  changing  developments  and  options. 

— A Plan  for  the  70’ s - using  incentives  ccnd  controls  and  the  best 
current  technology  to  reduce  energy  demands  and  to  increase  the 
supply  in  the  shortages  of  the  70’ s. 

— Auction  for.,  the.  ..8.0 ’s..  - with  early  participation  of  Pennsylvania, 
institutions  in  imminent  Federal  and  corporate  developments  of 
hew  clean  energy  technologies  for  the  80’ s. 

The  Governor’s  Science  Advisory  Committee  and  its  Energy  Management 
Panel  recommend  consideration  of  the  taraets  and  actions  that  follow 
relevant  to  these  three  needs. 
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PENNSYLVANIA’S  ENERGY  NEEDS:  THE  PRESENT  STATUS 


THE  BAD  NEWS 


Impact  of  the  Shortage 

— 75%  of  Pennsylvania  residential  and  commercial  heating  is  supplied  by  scarce 
oil  and  natural  gas. 

— Transportation  of  people  and  goods  is  almost  completely  dependent  on 
petroleum. 

— Apportioning  of  fuels  will  likely  result  in  some  cut-backs  in  heating  and 
air-conditioning s in  auto  and  air  travel3  and  cut-backs  or  interruption  in 
industrial  operations  (affecting  jobs  and  incomes). 


Barriers  to  or.  Increased  Supply  in  the  70's 

— Pennsylvania  is  short  of  facilities  to  refine  petroleum  and  to  transport  and 
store  petroleum  and  natural  gas. 

— There  exist  menu  delays  in  the  construction  of  the  6 planned  nuclear  power 
plants  scheduled  by  1981. 

— The  scarcity  of  capital 3 skilled  manpower 3 and  equipment  slaws  developments 
of  new  supplies  of  coals  and  of  new  energy  facilities . 


— Greater  use  of  coal  in  the  70’ s may  require  some  temporary 

variances  in  meeting  primary  air  quality  standards  and  may  be  limited  unless 
application  of  secondary  air  standards  is  somewhat  delayed. 


Barriers  to  an  increased  Supply  in- the  80’s  and,  90  ’ s 

— Federal  import 3 pricing 3 and  environmental  regulations  discourage  the  develop- 
ment of  new  domestic  petroleum  and  natural  gas  supplies  and.  the 
building  of  refineries . 

■ — The  logistics  of  importing  oil  requireshuge  tankers  and  major  off-shore 
deep  water  ports > which  do  not  now  exist. 

— The  Commonwealth's  energy  problems  of  the  80  's  and  90' s will  center  on 
fuel  costs 3 the  supply  of  nuclear  fuels  3 cooling  of  power  plants  with 
minimum  use  of  our  sometimes  drought-limited  water  supply 3 efficient  public 
transportation  systems 3 ar.d  the  location  of  power  plants  and  high  voltage 
transmission  lines. 


avv.  ' ■ 


2. 


SUMMARY  AND  RECOMMENDATIONS 


I.  Public  Policy:  An  Overriding  Need 

TARGET:  Public  policies  must  assure  the  delivery  and  wise  use  of  energy 

by  means  consistent  with  environmental  arA  economic  goals. 

• RE  COM-TEN D ACTION : Commonwealth  Energy  Policy  Councils 

The  executive  ccnd  legislative  branches  should  establish  (jointly  or 
separately ) Energy  Policy  Councils  to  expedite  polio, y and  decision  making  and  to 
monitor  arA  support  implementation  of  the  Commonwealth's  energy  policies  by 
the  state's  action  agencies.  The  councils  and  the  state  agencies  should , for 
example , 


— Expedite  policy,  planning,  and  decision-making  on  all  energy  questions 
while  meeting  primary  environmental  arA  economic  goofs. 

— Establish  contingency  plans  for  handling  fuel  shortages . 

— Promote  the  conservation  ccnd.  wise  use  of  energy. 

— Develop  an  attainable  schedule  for  secondary  environmental  standards 
to  permit  use  of  coal  in  the  shortages  of  the  70' s. 

— Intensify  o:nd  expedite  the  review  of  applications  for  new  mining 
operations,  power  plants,  refineries , and.  other  related  energy 
fad  lities. 


— Promote  the  collection  and  use  of  solid  wastes  for  direct  or  indirect 
use  as  fuels. 

ACTION : The  Governor  should  issue  executive  directives  and  recommend  that 
the  legislature  corridor  appropriate  actions  and  legislation. 

• REC0M1ENDATICN : Adequate-  Staff  for  Energy  Da.ta  Analysis  arA  Decision  Making 


The  Energy  Policy  Councils  and  the  state  ' s 
be  provided  with  staff  adequate  to  provide  data , 
project  review  on  energy  arA  environment  issues. 


action  agencies  should 
analytic  services,  end 


ACTION:  The  appropriate  agencies  and  the  office  of  the  State  Planning 
and  Development  should,  formulate  recommendations  for  the  necessary  staff 
and  budgets  then  submit  them  to  the  Governor. 


SUM'IARY  AND  RECOMMENDATIONS 


Energy  Needs  in  the  7C’s 

To  avert  crises  in  the  70' s3  the  Commonwealth  can  use  legal  and  ecor.on.ic 
incentives  and  controls  to  reduce  energy  demands  and  to  increase  the  energy 
supply. 

TARGET:  The  Commonwealth  should  promote  the  use  of  the  best  available 
technology  and  environmental  criteria  to  achieve 


— Wise  Use  and  Conservation  of  Energy 

’--Effective  Use  of  current  Nuclear  and  Coal  Technologies 
--Expansion  of  Pennsylvania' s Energy  Supply  and  Distribution  Systems 
(Specific  approaches  to  these  ends  are  suggested  on  page  6.) 


& HE C OtdiENDA TI ON : Coordinated  Commonwealth  Energy  Programs 

Under  the  guidance  of  the  Energy  policy  Councils  (recommended  above)  the  ap- 
propriate state  agencies  should  coordinate  their  actions  working  with 
Pennsylvania  industries  and  universities  and  with  Federal  agencies 3 
to  achieve  the  above  targets. 


JETTON : The  Energy  Policy  Councils  in  concert  with  the  Public  Utilities 
Commission^  the  Department  of  Environmental  Resources 3 the  Department  of 
Commerce 3 the  Department  of  Transportaticn3  the  Office  of  State  Planning  and 
Development 3 and,  otner  state  agencies  should  investigate  current  vre  ''rams  3 
resources 3 aid  activities  in  this  rego.rd  and  formulate  action  proara 


•ns 


& RECOMMENDATION:  Additional  Options 

The  Governor  should  consider  for  further  action: 


Use  of  incentives  .to  encourage  energy  conservation  and  equipment  for 
improvement  of  environment. 


Means  to  help  utilities  f inert ce  energy  producing  facilities. 

Encouragement  of  deep-well  drilling  for  oil  and  gas  in  Pennsylvania. 

Means  to  develop  deep-water  ports  for  Pennsylvania's  use. 

Support  of  national  policy  for  off-shore  drilling  on  Atlantic  Shelf 
and  Gulf  and  Pacific  coasts3  Alaskan  oil  development3  and  possible 
use  of  western  oil  shale  for  increased  domestic  supply  of  natural 
gas  and  petroleum. 


ACTION : The  Governor  should  direct  additional  immediate  consideration  of  the 
foregoing  and  recommendations  as  appropriate  by:  2he  Commonwealth's  Energy 

Hohcy  Councils 3 The  Department  of  Environmental  Resources 3 Environmental 
Quality  Board  and  Citizens  Advisory  Council 3 Office  of  State  Planning 
and  Development’s.  State  Planning  Board. , and  airier  appreciate  State 
agencies  and  private  organizations  and  institutions. 


4. 


SUMMARY  AND  RECOMMENDATIONS 


III 
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New  Energy  Opportunities  for  the  80 ’ s 

Developments  in  this  decade  in  the  conversion  of  cool  to  clean  oil  or  gas  will 
create  new  industries  and  transform  existing  ernes.  These  developments  will  move 
ahead  immediately , with  a.  proposed  increase  in  Federal  energy  research  funds  of 
$ 100  million  this  year  and  $2  billion  per  year  for  the  next  five  years,  as  well  a 
mayor  new  funding  in  the  private  sector. 


Pennsylvania,  favored  with  abundant  coal , leadership  in  supplying  nuclear 
plants  and  electrical  equipment,  high  quality  research  centers  in  coal  and 
nuclear  science many  engineering  and.  processing  firms,  and  a power- dependent 
industry , stands  to  reap  mayor  benefits  in  the  new  coal  and  nuclear  era  ahead. 


TARGET:  The  Commonwealth  should  promote  arid,  support  early 


participa- 


tion of  Pennsylvania' s industry  and  universities  in  the  forthcoming  'Federal 
and  private  sector  developments  of  new  means  to  provide 


— Efficient  Energy  Use 
— Modem  Coal  and  Nuclear  Technologies 
— A Domestic  Petroleum  Supply 
— Protection  of  Environment  and.  Health 
(Specifvc  approaches  to  these  ends  are  suggested  on  pags~d.) 
RE COMMENDATION : Energy  Research  and.  Development 


_ The  legislature  should  provide  funds  to  the  Pennsylvania  Science  ord 
E^ineerino foundation  (PSEF) to  seed  research  and  development  in  Pennsylvania 
with  Feaerat  and  private  funding  of  modem  energy  technologies  listed  Hove. 

. unding  at  a scale  03  at  least  one  million  dollars  per  year  for  an  estimated 
jvve  years  vs  requtred. 


ACTION:  The  Governor  should  recommend  and  the  legislature 


should 


appropriate  an  additional  $ 1 million  for  PSEF  for  fiscal  year 197 3-7 


.x  « 
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GOALS  AND  APPROACHES 


5. 


I.  Public  Policy:  Opportunities  and  Options 

— Energy  will  no  longer  be<nbundant  and  cheap.  Conservation  and  vise 
use  must  be  the  bedrock  of  the  new  energy  management  policy. 

— Improved  technology  and  sound  public  policy  are  essential  to  meet 
Pennsylvania's  environmental } economic j and  energy  goals. 

— Coal  is  a key  to  US  self  sufficiency  in  energy.  Nuclear  power  is 
another. 

— Pennsylvania  has  much  coal  and  is  a leader  in  the  nuclear  industry . 

— Pennsylvania  has  the  opportunity  to  move  into  the  era  of  modern 
coal  technology  wherein  coal  will  be  transformed  into  clean  readily- 
avai table  and  adaptable  fuels  to  meet  residential  and  industrial  needs. 

— Development  of  new  technology  takes  time.  In  the  interim } Pennsylvania 
must  use  best  available  coal  technology  and  nuclear  power  and  the  best 
environmental  criteria , to  meet  Pennsylvania's  needs. 


ft 


GOALS  A1 ND  APPROACHES 


6. 


II.  ENERGY  FOR  THE  70 1 S 


Early  and  wide  U3e  must  be  made  of  the  best  available  technologies  and  measures 
to  assure  health 3 comfort 3 and  yobs  for  Pennsylvanians  at  acceptable  environmental 
and  economic  costs.  Such  a Peyinsylvania  program  must  promote: 

Wise  Use  and  Conservation  of  Ene.ray 

Establish  'an  energy  policy  council  in  the  executive  and  legislative  branches 
to  guide  planning  and  implementatian  of  energy  policies . 

Establish  contingency  plans  for  handling  fuel  shortages . 

Participate  in  setting  Federal  energy  and  environmental  policies. 

Provide  public  information  and  education  for  more  effective  use  of  energy. 

Modify  building  codes  and  design  practices  to  encourage  application  of 
current  technology  to  conserve  energy. 

Keep  and  strengthen  rail  transportation  in  Pennsylvania. 

Develop  mass  transportation  and  promote  its  use. 

Examine  a modified  rate  strv.ctiare  for  use  of  electricity . 

Plan  for  long-term  conservation  of  petroleum. 


Effe ctive  Use  of  Current  Nuclear  and  Coal  Technologies 

Expedite  construction  of  nuclear  power  plants  with  proper  safety  features. 
Convert  to  coal  for  producing  power. 


increase  coal  production:  lower  sulfur  first ; train  coal  mining  manpower. 

Reduce  sulfur  content  in  bituminous  coal  by  mechanical  means  and.  use  more 
low-sulfur  anthracite  when  practicable. 


Use  combustion  and  post- combustion  processes  for  s 
persalj  as  determined,  to  be  effective  including:  a 
dolomite  to  coal ; stack  gas  scrubbing ; and/or  use 


ulfur  removal  or  d 
ddition  of  lime  or 
cf  tall  stacks . 


Use  available  technologies  to  meet  primary  air  standards3  employing  temporary 
minor  variances  if  necessary  to  meet  cribical  energy  shortages 3 with  monitorir. 
strict  controls 3 and  a reserve  of  clean  fuels  for  emergencies  to  prevent 
dangerous  conditions  during  an  inversion. 


Submit  to  the  Federal  government  an  attainable  schedule  for  applying  secondary 
air  standards  to  permit  use  of  coal  duri>ig  energy  shortages  in  the  70’ s. 


Expansion  of  Pennsylvania1  s Energy  Supply  and  Distribution  Systems 

Provide  policy  guidance  for  sound  expansion  of  the  state  rs  energy  system. 

Develop  pawer  plant  and  transmission  line  siting  crvtem.a  for  developments 
till  the  year  2000  and  beyond. 

Provide  increased  staff  to  state  agencies  and  streamlined  mechanisms  to 
expedite  review  of  proposed  mining 3 power  plants 3 refineries 3 and  other 
energy  projects. 

Create  climate  for  effective  financing  of  construction  of  refineries  and  oil 
and  gas  storage  and.  other  energy  and  fuel  distribution  systems. 

Use  wood  and.  urhan3  agricultural 3 and  industrial  wastes  as  energy  sources  wher 
practicable . 


GOALS  AND  APPROACHES 


7. 


III.  CLEAN  ENERGY  FOR  THE  8 O' S':  LEADERSHIP  IN  NEW  TECHNOLOGY 


ft 


Aggressive  Pennsylvania  participation  now  is  required  in  vigorous  development 
of  new  clean  energy  options  for  the  80' s.  Such  a Pennsylvania  program jshould  promote 


Efficient  Energy  Use 

New  means  for  energy  conservation  and  efficient  use. 

Means  to  cor, vert  wastes  to  fuel  or  direct  heat3  with  enabling  legislation 
and  incentives  to  promote  waste  collection  and  use . 

Improved  mass  transit  and  rail  freight  facilities  in  Pennsylvania  with 
incentives  for  their  use. 


Modem  Coal  and.  Nuclear  Technology 

Intensify  the  detailed  geologic  and  mapping  data  gathering  of  Pennsylvania' s 
coal3  oil 3 and  gas  reserves. 

Develop  improved  technologies  for  mining 3 cleaning 3 transportation 3 and. 
burning  of  coal'cr.d  subsequent  disposal  of  wastes. 

Support  conversion,  of  coal  to  oil  and  gas:  accelerate  research  and.  develop- 
ment 3 identify  and  dedicate  appropriate  coal  fields 3 and  provide  incentives 
qnd  financial  help  for  implementation. 

Encourage  development  of  nuclear-  and  other  advanced,  energy  technology  with 
emphasis  on  safety  and  disposal  of  heat  and  wastes. 


Stimulate  growth  of  energy  equipment  manufacture  and  engineering 
in  Pennsylvania. 


.r.dus 


A Domestic  Petroleum  Supply 

Develop  technical  and  economic  means  to  get  more  oil  and  gas  from 
Pennsy  Ivania  fi e las 

(Consider  drilling  for  oil  and.  gas  in  Lake  Erie.) 

Support 3 with  proper  environmental  safeguards 3 a r.a.tiornl  policy  of  energy 
development 3 including  Alaskan  oil3  off-shore  drilling  on  the  Atlantic3 
Gulf  aid.  Pacific  coasts 3 deepwater  ports  for  oil  import  (including  one 
serving  Pennsylvania) 3 azd  possible  use  of  oil  shale. 


Protection  of  Environment  and  Health 

Encourage  Federal  and  private  sector  research 3 with  participation  of 
Pennsylvania  institutions : on  the  fate  of  pollutants  such  as  SO 2 aid 
nitrogen  oxides  from  combustion  processes 3 aid  on  their  effects  on  human 
health  and  on  the  materials  and  ecology  of  urban  aid  rural  environments ; 
on  new  technologies  for  coal  mining. 3 combustion  and.  power  generation  and 
trcmsmissiaij  and  other  systems  dealing  with  energy  production  and  use3 
which  maximize  the  protection  of  the  environment  and  human  health. 


ft 
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II . 


The  Energy-Environment  Predicament 

The  problems- of  meeting  the  energy  needs  of  Pennsylvania  as  veil 
as  the  rest  of  the  nation  vill  exist  for  many  years  ahead.  Three 
important  factors  contribute  to  the  problems. 

1.  Growth  in  energy  demands  brought  about  by  increasing  per  capita 
demands  for  energy  (from  252  million  Btu/per  person  in  1962  to  5“0 
million  Btu/per  person  in  1972,  an  increase  of  35,7)  and  by  the  increas- 
ing sice  of  the  population. 

2.  Rapid  establishment  of  severe  environmental  controls. on  discharge 
of  pollutants  to  the  atmosphere  and  to  our  rivers  and  streams  so  as  to 
provide  a more  acceptable  environment  and  a lesser  and  better  controlled 
disturbance  of  nature's  ecological  balance . 

3-  Inadequacy  of  facilities  to  produce  fuels  of  the  quality  necessary 
to  meet  the  new  environmental  standards. 


The  problems  i,n  no  way  have  to  do  with  adequacy  of  resoi 
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can  be  shown  that  adeciuate  resources  exist  for 
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remove  pollutants  if  they  are  to  meet  the  new  environmental  requi: 
some  of  the  resources  are  in  forms  more  costly  to  extrc 
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than  those  we  are  using  currently. 


It  Is  becoming  increasingly  clear  that  the  cost  of  energy  vi 
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as  we  have  to  resort  to  using  fossil  fuels  which  are  more  dlfi'rcu 
extract  from  the  ground  or  which  require  extensive  processing  to  make 
them  useful  in  terms  of  our  environmental  requirements.  The  extent 
which  particular  approaches  will  succeed  will  depend  upon  th-si  •'  re  cat 
costs . 


The  market  place  should  be  quite  capable  of  providing  incentives  to 
convert  these  energy  resources  into  available  supplies  to  consumers,  but 
as  R.  L.  Gordon  points  out  "the  U.  S.  government  has  accomplished  the 
unbelievable  feat  of  blocking  the  operation  of  all  the  major  energy 
markets.  Gas  supply  has  been  hindered  by  field  price  controls.  We 
have  had  an  oil  policy  that  purports  to  limit  imports  to  encourage  do- 
mestic output  but  is  so  designed  in  practice  that  it  generates  the  worst 
of  all  possible  worlds.  A tacit  policy  of  increasing  quotas  to  hold 
down  domestic  energy  prices  removes  any  price  incentives  to  domestic 
producers.  At  the  same  time,  the  reluctance  with  which  quotas  are 
raised  can  lead  to  strains  on  energy  supply  at  least  until  the  quotas 
are  adjusted.  We  have  imposed  a mass  of  regulations  on  coal  produc- 
tion and  consumption  that  similarly  retard  that  fuel's  contribution  to 


To  this  must  be  added  the  construction  and  re.-,u 


1 a . 


energy  supplies.- 

tory  problems  with  nuclear  plants  and  the  barriers  to  the  Alaskan  pipe- 
line and  offshore  drilling  for  oil  and  gas  produced  by  environmental 
concerns."  (l) 


it  is  quite  evident  that  we  urgently  need  a better  thought-out 
national  energy-environment  policy  which  will  lead  to  incentives  for 
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more  effective  utilization  of  energy,  for  development  of  more  facilities 
to  fulfill  the  nation's  needs,  and  for  meeting  the  nation's  environment-- 
objectives  in  a reasonable  and  acceptable  time  frame.  These  incentiv< 
must  be  coordinated  to  be  effective.  If  we  continue  to  discourage  all 
forms  of  energy  supply,  energy  problems  will  in  truth  reach  crisis  pro- 
portions . 

Despite  the  lack  of  a coordinated  national  energy-environment  policy 
there  are  a number  of  steps  that  the  state  can  take  to  help  the  situation 
within  its  own  borders  as  well  as  within  the  nation  as  a whole.  These 
are  presented  in  the  recommendations.  While  only  a few  of  these  appear 
to  have  quick-term  impacts,  all  of  the  steps,  regardless  of  whether  they 
lead  to  short-term  or  long-term  solutions,  must  be  started  now  if  practi- 
cal solutions  are  to  be  achieved  to  avert  a succession  of  serious  crises. 


Energy  is  essential  to  a dynamic  economy  for  both  the  state  and  the 
nation.  Today  both  are  relying  increasingly  on  foreign  oil  as  a source 
of  clean  energy.  But  the  resulting  imbalance  in  payments  and  the  na- 
tion's vulnerability  to  foreign  influences  in  order  to  assure  a contin- 
uing clean  fuel  supply  could  lead  to  economic  and  social  problems  of 
catastrophic  proportions.  Thus  the  United  States  cannot  long  afford  to 
rely  on  foreign  sources  for  clean  fuel  supplies,  nor  in  the  long-term 
does  it  need  to  do  so  if  appropriate  use  is  made  of  its  large  coal  re- 
serves and  its  nuclear  fuels. 


Pennsylvania  has  been  a leader  both  in  the  production  and  use  of 
coal  and  in  the  development  and  use  of  nuclear  power.  Pennsylvania's 
coal  industry  is  in  trouble,  however,  because  much  of  its  coal  has  a 
high- sulfur  content,  and  its  use  produces  effluents  which  do  not  meet 
desired  environmental  requirements.  But  Pennsylvania  has  the  oppor- 
tunity to  correct  this  situation  by  taking  the  lead  in  moving  into  the 
era  of  modern  coal  technology  whereby  coal  can  be  transformed  to  low- 
sulfur  oil  or  gas  to  meet  domestic  and  industrial  needs.  It  has 
abundant  coal  for  this  purpose  both  to  supply  internal  needs  and  to 
export . 


Since  the  development  of  modern  coal  technology  takes  time,  decisiv 
action  is  needed  now  by  the  Commonwealth's  legislative  and  executive 
branches  to  take  advantage  of  the  opportunities  it  will  provide.  The 
conversion  of  coal  to  the  higher  energy  forms  of  oil,  gas,  and  other 
new  developments  in  the  production  and  use  of  energy  will  create  new 
industries,  and  greatly  alter  the  practice  of  existing  ones  within  the 
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technology  to  fulfill  its  energy  needs  with  minimum  insult  to  the  envi- 
ronment. Appropriate  action  Is  also  needed  nov;  to  help  assure  contin- 

uing availability  of  clean  fuels  and  appropriate  public  policies  to 
govern  their  use- in  the  Immediate  years  ahead. 


Ill . 


Discussion  of  Targets  and  Approaches 


Section  I summarizes  recommendations  which  GSAC  feels  should  be 
aggressively  implemented  now  by  the  Commonwealth  and  the  targets  and 
approaches  on  which  the  recommendations  are  based.  This  section 
discusses  each  of  these  targets  and  the  suggested  approaches  for  meet- 
ing them  and  indicates  when  and  what  results  might  be  expected.  Each- 
target  or  approach  is  identified  with  the  time  period  in  which  benefits 
might  be  expected.  Three  categories  are  used:  Short-Term  for  ap- 
proaches which  can  produce  results  between  1973  and  1978;  Medium-Term 
for  approaches  which  are  needed  to  produce  benefits  in  the  period  1978 
to  1985;  and  Long-Term  for  those  which  should  produce  benefits  after  19- 


A. 


Effective  Use  of  Current  Technologies  (Short-Term) 


If  appropriate  action  is  taken  now,  in  perhaps  15  years  a 
variety  of  new  processes  can  provide  us  with  substantial  amounts 
of  clean  energy  from  coal  and  nuclear  fuels.  Moreover,  they 
should  do  so  at  costs  competitive  with  the  projected  costs  of 
other  presently  available  but  dwindling  clean-energy  fuels. 

But  in  the  shorter  terra,  there  is  literally  no  single  course  of 
action  open  that  will  fully  satisfy  both  needs  for  energy  and 
for  meeting  environmental  requirements.  \Je  must,  therefore, 
make  use  of  a number  of  temporary  expedients  during  the  next  10 
to  15  years,  and  indeed  such  expedients  are  available.  However, 
the  situation  will  Improve  in  10  to  15  years  only  if  vigorous 
research  and  development  are  accelerated  now. 


1. 


Expedite  Construction 


of 


Uuclear  Power  Plants 


The  most  immediate  relief  of  electrical  energy  problems 
in  the  state  can  be  achieved  by  facilitating  the  rapid  com- 
pletion of  nuclear  power  plants  which  are  currently  under  con- 
struction and  have  proper  safeguards  against  significant 
hazards  to  the  environment  and  human  health.  These  plants 
will,  significantly  augment  the  present  base  load  capacity  of 
our  electrical  network  without  introducing  additional  environ- 
mental problems.  It  is  essential  that  licensing  procedures 
for  these  and  other  power  plants  be  better  coordinated  and 
that  better  means  for  resolving  conflicts  with  interveners  be 
developed  and  implemented. 

2.  Convert  to  Use  of  Coal  for  Producing  Power 

In  an  effort  to  meet  clean-air  requirements,  a number  of 
utilities  and  industries  in  Pennsylvania  have  switched  from 
burning  high-sulfur  coal  or  oil  to  burning  low- sulfur  oil, 
much  of  which  has  to  be  imported  into  the  United  States . As 
the  use  of  such  fuel  increases,  a state  of  extreme  emergency 
could  develop  if  supplies  are  cut  off  or  become  more  difficult 
to  obtain.  To  mitigate  the  possible  consequences  of  such  a 
situation,  industries  and  utilities  should  be  'encouraged  to 
retain  or  convert  to  coal  burning  plants  utilizing  coal  -with 
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duction and  industrial  purposes,  conversion  to  burning  of  coc 
could  be  used  more  extensively  and  could  better  help  esse  the 
interim  energy  situation  in  the  state.  Nevertheless,  even 


without  this  relief,  the  u: 
wherever  practicable. 


of  coal  should  be  encouraged 


3 . Beneficiate  Coal 

Various  methods  are  being  studied  for  removing  sulfur 
in  the  form  of  pyrites  (iron  sulfide)  along  with  a variety  of 
organic  sulfur  compounds  (17)-  Bureau  of  Mines  experiments 
have  shown,  for  example,  that  at  least  of  the  pyritic 

sulfur  in  coal  can  be  removed  by  treating  the  coal  at  225  C 
with  aqueous  sodium  hydride . Subsequent  treatment  with  an 
acid  reduces  the  ash  content  to  as  little  as  0.5p.  Removal 
of  organic  sulfur  compounds  is  more  difficult,  but  research 
on  this  effort  is  continuing. 


In  other  experimental  work  of  the  Bureau  of  Mines,  a dry 
method  for  removal  of  pyrite  is  being  studied  whereby  coal  is 
pulverized  and  the  pyrite  is  broken  free  from  the  coal  to  be 
removed  by  air  classification  and  electrostatic  separation. 
About  half  of  the  total  pyrite  of  the  coal  tested  can  be  re- 
moved and  discarded  in  rejects  comprising  10  to  15 p of  the  feed 
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Laboratory  froth-flotation  tests  ha 
with  synthetic  coal-pyrite  mixtures  and 
to  determine  if  adding  various  compounds 
separation.  _ For  each  metal  salt  there 
of  pH  values  and  optimum  concentrations 
pyrite  in  coal  flotation. 


ve  also  been  conducted 
high- pyrite  coal  sam] 
will  assist  pyrite 
appears  to  be  a range 
for  selecting  depressing 


While  these  processes  are  only  partially  developed,  en- 
couragement of  their  appropriate  use  as  well  as  use  of  conven- 
tional means  for  beneficiation  of  coal  should  be  provided  to 
permit  more  extensive  use  of  coal  with  less  adverse  impact. 


4.  Use  More  Anthracite 


Pennsylvania  anthracites  are  relatively  low  in  sulfur 
(0.5  to  1.5 °}o)  j and  it  may  be  desirable  to  make  use  of  them  fox 
industrial  heating  and  steam  generation,  since  little  sulfur 
clean-up  would  be  necessary.  There  are  objections,  however; 
see  Section  VIII.  Nevertheless,  for  certain  circumstances, 
the  possibilities  should  be  explored. 
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Determine  Effectiveness  of  Conib  u sti  on  and  Po  z t - Comb  ur.t ! o n 
Processes  1'or  Puifur  fmcoyal  or  Dispersal 

It  is  generally  agreed  that  the  best  way  to  eliminate 
sulfur  dioxide  from  the  stack  gases  of  coal-fired  furnaces 
will  be  to  remove  sulfur  from  the  coal  before -it  is  burned, 
as  will  be  accomplished  by  conversion  of  coal  to  oil  or  gas. 
Until  such  processes  are  fully  developed,  however,  consider- 
able attention  is  being  given  to  combustion  and  post- 
combustion  methods  for  removing  sulfur  compounds  as  well  as 
to  methods  for  dispersal  of  sulfur  dioxide  by  the  use  of 
tall  stacks.  Even  some  of  these-  are  developmental,  but 
the  work  in  progress  should  provide  data  on  the  effective- 
ness and  practicability  of  such  methods  within  the  next  two 
to  five  years.  Three  such  methods  are  discussed  below. 

a)  Stack  Gas  Cleaning 


To  clean  stack  gases,  they  have  to  be  processed  through 
a large  chemical  system  wherein  the  gases  are  brought  into 
efficient  contact  with  a solid  or  liquid  absorb ant  to  remove 
the  sulfur  dioxide  present.  Several  electric  utilities 
have  installed  or  are  installing  large  experimental  stack- 
gas  cleaning  plants  for  testing  various  processes  and 
gaining  operating  experience  with  them.  The  reliability 
of  such  systems  will  be  a major  factor  in  their  ultimate 
usefulness.  Problems  of  storing  and  disposing  of  the  re- 
sulting acid  sludge  must  also  be  solved. 

If  the  experience  of  present  users  of  full  scale  stack- 
gas  cleaning  units  justifies  this  course  of  action,  the 
Commonwealth  should  provide  industry  with  incentives  to 
stimulate  installation  of  stack-gas  cleaning  equipment, 
either  by  permitting  recovery  of  costs  through  price  in- 
creases, or  by  the  avenue  of  tax  relief.  Low  interest  loan 
are  available  through  the  State's  Revenue  Bond  and  Mortgage 
Program . 

b ) Use  of  Lime  or  Dolomite  with  Coal 

Coinjection  of  lime  or  dolomite  with  coal  has  been 
tested  in  the  U.  K.  as  a means  of  reducing  sulfur  emissions 
in  power  stations  of  the  currently  used  type.  This  ex- 
pedient does  not  reduce  emissions  by  more  than  about  20i, 
but  this  would  be  sufficient  with  some  marginal  coals. 
However,  larger  precipitators  may  well  be  needed,  to  remove 
the  particulates  from  the  stack  gas.  Use  of  this  expedient 
should  be  explored . 

c)  Tall  Stacks 

Tall  stacks  (500  to  1000  feet  in  height)  are  being  used, 
by  some  utilities  and  are  being  considered  by  others  to  re- 
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lease  effluents  at  elevations  where  dispersal  and  dilution 
of  pollutants  (of  which  sulfur  dioxide  is  only  one)  can  he 
more  readily  effected  than  is  done  hy  more  conventional 
stacks.  Tall  stacks  are  of  interest  because  present  air 
pollution  regulations  have  usually  been  interpreted  as  being 
concerned  with  the  direct  local  pollution  from  a particular 
source.  Little  attention  has  been  given  so  far  to  contri- 
butions from  other  sources  and  the  affects  of  all  sources 
on  the  global  pollutant  background.  The  present  global 
background  of  pollutant  concentrations  is  small  compared  to 
the  concentrations  near  sources,  but  the  build-up  of  these 
quantities  must  be  watched  carefully,  particularly  those 
which  could  influence  climate,  such  as  CCb  and  small  par- 
ticulates (l8)  . 

The  local  effectiveness  of  tall  stacks  is  influenced  by 
a number  of  meteorological  factors  which  vary  from  time  to 
time  including  effects  of  turbulence,  temperature,  humidity, 
and  solar  radiation.  Thus  the  intensity  and  duration  of 
ground-level  concentrations  of  pollutants  from  tail-stack 
plumes  can  vary  greatly  from  time  to  time. 

Reference  ( l8)  points  out  that  ultimately,  material 
emitted  into  the  atmosphere  from  power  plant  sources  becomes 
mixed  through  the  lower  atmosphere,  the  troposphere,  if  it 
is  not  removed  by  some  natural  process.  Typically  the  resi- 
dence time  for  such  materials  in  the  lower  atmosphere  is 
measured  in  weeks. 


There  is  a need  to  know  more  about  the  eventual  fate  of 


pollutants  in  the 


atmosphere  and  their  influences  on  the 


earth's  environment.  But  it  appears  that  for  the  present 
tall  stacks  can  provide  an  interim  method  for  mitigating 
local  pollution  problems.  If  high  level  dispersion  tech- 
niques can  be  used  to  keep  ground  level  concentrations  within 
ERA  standards,  many  grades  of  Pennsylvania  coals  can  be  used 
by  utility  and  large  industrial  plants. 


6.  Create  Climate  for  Effective  Financing  of  Facilities  for 
Supplying  Energy 

Efforts  should  be  made  to  help  utilities  in  financing  of 
energy  producing  facilities  and  power  stations . This  might 
be  done  by  tax  incentives  as  well  as  allowances  for  reasonable 
return  on  investment.  Incentives  such  as  tax-free  bonds 
might  also  be  used  to  help  finance  anti-pollution  devices. 


To  illustrate  the  magnitude  of  the  problem,  a representa- 
tive of  a Pennsylvania  utility  recently  stated  that  "the  capi- 
tal requirements  of  an  electric  utility  are  the  highest  in  the 
nation."  He  further  stated,  "Because  of  the  regulation  on 
the  amount  of  return  allowable,  most  electric  utilities  can 
only  internally  generate  approximately  20])  of  their  needed 
capital.  Eighty  percent  of  the  needed  capital  must  cone  from 
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the  money  market . " He  also  reporter  t:w  •.  "in  ..  :m  • 
years,  the  Pennsylvania  utilities  alone  will  require  approxi- 
mately 5 "billion  dollars  in  capital  to  enable  us  to  construct 
the  necessary  generation  and  distribution  facilities.  VJh  n 
one  realizes  that  at  least  'Ll-  billion  of  this  must  come  fro:,, 
stocks  and  bonds,  it  becomes  an  awesome  picture.  The  only 
way  that  companies  can  attract  this  kind  of  capital  is  to  have 
a good  financial  position  and  a good  earning  position." 

If  utilities  must  pay  9 to  lOp  interest  on  borrowed  capi- 
tal their  earnings  on  capital  cannot  be  limited  to  7 °lo* 

S treamlins  Review  a n d Appr o val  Procedure e s for  Poo-:- r Plants 

During  the  last  several  decades,  the  procedures  for  re- 
viewing end  approving  the  construction  and  operation  of  all- 
types  of  power  plants  have  become  inordinately  lengthy, 
complicated,  and  time-consuming  at  both  the  state  and  federal 
levels . 

The  procedural  complication  is  almost  beyond  the  belief 
of  those  who  are  not  directly  Involved.  It  has  grown  piece- 
meal as  greater  attention  had  to  be  given  to  various  environ- 
mental factors  of  concern  to  the  state  and  the  nation.  The 
same  careful  attention  could  be  given  to  these  matters,  how- 
ever, by  better  coordinated  and  more  streamlined  procedures. 

A detailed  review  and  improvement  of  the  processes  used  by 
the  Commonwealth  is  urgently  needed.  The  State  cam.  t af- 
ford the  present  procedural  delays  associated  with  getting 
power  plants  built  and  operating. 

In  addition,  to  help  mitigate  the  problems  of  energy 
production  and  distribution,  the  present  adversary  legal 
system  should  be  reviewed  to  enable  the  Commonwealth  to  pro- 
duce and  distribute  energy  in  a method  acceptable  to  the 
environment  in  general,  but  not  limited'  by  individualistic 
complaints . 

Establish  A State  Office  to  Expedite  Licensing  of  Power  Plants 


Since  decision-making  will  probably  always  involve  a 
number  of  State  agencies,  all  parties  involved  would  be 
greatly  helped  by  the  establishment  of  a State  Expediting 
Office  to  assist  in  planning,  scheduling, and  coordinating 
decision-making  activities  involved  in  power  plant  approvals. 
This  Office  would  provide  a focal  point  both  for  coordination 
and  for  breaking  procedural  log- jams  when  they  occur.  It 
should  be  a place  to  which  utilities  can  turn  for  help  when 
action  is  stalled.  It  is  recommended  that  such  an  office 
be  established. 
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must  be  given  to  assuring  uninterrupted  availability  of  suff: 


?ds  for  energy  will  require  not  only  sustaining 
but  also  expanding  current  fuel  supplies.  Continuing  attention 
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be  taken  now  to  help  the  situation  in  the  years  ahead.  Some  of 
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1. 


Increase  Coal  Production  (Short-Term) 


if  increased  use  of  coal  is  to  be  achieved  as  indicat; 


;ly  increase  coal. 


in  item  A-2,  it  will  be  necessary  to  gre: 
production  in  the  State.  Greatest  interest  w 
in  expanded  production  of  low-sulfur  coal,  tut 
there  will  be  a need  for  all  useable  grades  of  coal. 


11  be  of  cours 
eventually 


Increasing  coal  production  will  not  be  easy.  Compe- 
tition from  other  lower-cost  fuels  and  increasing  coal  min: 
costs  have  caused  many  mines,  particularly  the  smaller  mint 
to  close  rather  than  expand.  Only  the  most  efficient  has- 
been  able  to  survive.  To  turn  the  picture  around  will 
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5ved  mining  techniques 
for  Pennsylvania  seams;  resolving  public  policy  questions; 
and  overcoming  procedural  delays  in  approving  new  mining 
operations  and  close-out  of  old  operations. 

Despite  the  challenges  involved,  coal  production  must 
he  increased  if  coal  is  to  be  counted  on  to  fill  growing  fuel 
shortages . 

Train  Needed  Coal  Mining  Manpower  (Short -Term) 

In  recent  years,  there  has  developed  a significant 
shortage  of  coal  miners.  To  develop  an  expanded  coal  market, 
this  shortage  will  have  to  he  overcome.  The  Commonwealth 
should  study  the  needs  for  training  of  individuals  for  coa.1 
mine  operations  and  implement  appropriate  training  and  develop- 
ment programs  for  such  individuals. 


3 


Develop  Power  Plant  Siting  Criteria  ( Medium-Term) 


The  availability  of  suitable  sites  for  electric  gener- 
ating plants,  particularly  nuclear  plants,  is  constrained  by 
a number  of  factors  Including  geologic-  and  meterologic  re- 
quirements and  the  supply  of  water  for  cooling  purposes  . Th 


13  - 


Commonwealth  should  plan  now  to  help  utilities  in  locating 
power  plant  sites,  obtaining  appropriate  state  and  federa 
approval  of  such  sites  well  in  advance  of  their  reed,  re- 
serving or  procuring  them  for  future  sale  or  lease  along  with 
corridors  for  transmission  lines,  and  integrating  power  plant 
sites  and  recreational  facilities  to  form  power  parks.  A 
special  GSAC  Panel  on  this  item  has  been  formed  and  more  de- 
tailed recommendations  on  this  subject  will  be  submitted  wh  . 
the  Panel  has  completed  its  work. 


4.  Develop  Siting  Criteria  and  Promote  Appropriate  Energy  and 
Fuel  Distribution  Systems  (Medium-Term) 


The  need  to  site  power  plants  at  specific  locations  will 
require  the  development  of  energy  corridors  either  under  the 
auspices  of  the  Commonwealth  or  by  acquisition  by  the  public 
utilities.  The  conservation  of  land  requirements  would  indi- 
cate the  development  of  an  overall  plan  in  the  Commonwealth 
for  energy  corridors  to  transfer  energy  in  the  form  of  liquid 
gaseous,  or  electrical.  Presently  available  locations,  such 
as  interstate  highways  and  turnpikes  which  have  already  con- 
sumed the  land,  might  be  considered  for  this  purpose;  existing 


and  abandoned  railroad 


righi 


-s  oi  way  are 


another  possibility. 


Criteria  for  power  plant  siting  must  be  accompanied  by  cri- 
teria and  means  for  siting  distribution  systems  to  transmit 
energy  from  the  power  plant  location  zo  the  urban  centers 


where  utilization  will  occur. 


5.  Support  Deep-Water  Ports  for  Oil  Import  (Medium- Term) 


The  United  States  will  have  to  build  a number  of  deep- 
water ports  to  import  economically  enough  petroleum  to  meet 
its  growing  demands.  To  handle  the  large  volume  of  foreign 
oil  which  this  country  will  need  in  the  years  ahead,  exten- 
sive use  will  be  made  of  large  tankers  of  250,000  to  ^>00.000 
tons.  Deep-water  ports  for  such  tankers  will  be  needed  in 
the  East,  otherwise  eastern  states  such  as  Pennsylvania  may 
find  themselves  paying  higher  prices  for  oil  than  other 
states,  such  as  the  Gulf  Coast  States,  where  deep-water  ports 
would  undoubtedly  be  built.  We  vTould  then  have  to  rely  more 
strongly  on  heavily-burdened  pipelines  or  other  means  of  more 
costly  transportation.  Studies  should  be  started  soon  to 
determine  the  economic  and  environmental  consequences  of  con- 
structing or  not  constructing  deep-water  ports  in  the  Middle 
Atlantic  States.  If  such  studies  confirm  the  need  for  such 
ports  for  Pennsylvania,  as  GSAC  feels  they  will,  action  should 
be  taken  to  get  them  built. 

6.  Provide  for  Domestic  Refineries  and  Oil  and  Gas  Storage 
(Medium-Term) 


Refineries  are  current 
pacity.  The  Commonwealth  s 


ly  being  operated  at  or  near  ca- 
hould  encourage  the  construction 
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of  new  refineries  in  Pennsylvania  to  meet  the  growing 
for  oil.  In  addition,  the  Commonwealth  of  Pennsylvania 
could  help  itself  by  promoting  the  construction  and  develop- 
ment of  additional  li quid  and  gaseous  fuel  storage  facilitiw 
so  that  these  could  be  filled  off  peak  and  than  resold. 
Perhaps,  the  state  itself  could  develop  this  sort  of  cushion 
on  a no  cost  or  slightly  profitable  basis  to  itself  as  a 
service  to  industrial,  commercial,  and  residential  users  of 
these  fuels. 

7.  Consider  Uranium  Enrichment  in  Pennsylvania  (Medium-Term) 


In  the  past,  uranium  enrichment  has  been  carried  on  prima- 
rily by  the  federal  government.  This  situation  is  on  the 
verge  of  changing,  however,  with  a number  of  private  companies 
preparing  to  possibly  undertake  such  activities.  As  is  the 
case  with  deep-water  ports,  there  is  potential  for  develop! 
a uranium  enrichment  facility  in  Pennsylvania.  The  Common- 
wealth should  evaluate  the  merits  and  problems  of  encouraging 
the  location  of  such  a plant  in  Pennsylvania.  The  smallest 
projected  plant  might  have  a capital  investment  of  one  billion 
dollars,  an  operating  budget  of  80  million  dollars,  and  employ 
about  1,000  people. 

8.  Consider  Drilling  for  Oil  in  Lake  Erie  (Medium-Term) 


There  is  a significant  amount  of  oil  underlying  Lake  Erie. 
Off-shore  drilling  in  Lake  Erie  has  been  prohibited  within  th: 
boundaries  of  Pennsylvania.  This  matter  should  be  reconsider? 
The  Canadians  are  drilling  wells  in  the  portion  of  Lake  Erie 
lying  within  their  boundaries. 

9-  Study  Mood  as  an  Energy  Source  (Medium-Term) 


of  energy, 


Although  wood  is  no  longer  considered  to  be  a major  source? 
its  possible  use  as  a power  plant  fuel  should  be  re- 
examined. It  has  been  estimated  that  900  square  miles  of 
forest  could  supply  a 1000  MWe  power  plant  on  a continuous 
basis.  This  assumes  a 75he  load  factor  for  the  power  plant 
and  a 1 /2m  efficiency  of  utilization  of  solar  energy  deliverer 
at  an  average  rate  of  1^00  Btu  per  square  foot  per  day  (lo). 
With  all  of  the  forest  in  Pennsylvania,  this  might  be  a sig- 


intenm  source  of  energy  if 
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Wise  Use  of  Energy 

Since  energy  comes  from  valuable  material  resources,  serious 
attention  must  be  given  to  using  it  wisely.  A vigorous  program 
of  effective  energy  conservation  must  be  instituted  now  to  help 
alleviate  some  of  the  short-term  problems. 


c 


The  moat  significant  additional  energy  conserve1;!  on  measures 
are  the  installation  of  improved  insulation  in  both  new  and.  old 
homes;  the  use  of  more  efficient  air  conditioners;  a shift  of 
intercity  freight  from  trucks  to  rail,  intercity  passengers  from 
air  to  rail  and  bus,  and  urban  passengers  from  automobiles  to 
motorized  mass  transit;  and  the  introduction  of  more  efficient 
industrial  processes  and  equipment  (19)-  These  are  discussed 
below. 

1.  Expand  Technical  Conservation  Services  (Short-Term) 

To  promote  greater  attention  to  energy  conservation, 
utilities  (gas  and  electric)  should  expand  the  technical 
conservation  services  which  many  of  them  have  developed  in 
recent  years  to  help  users,  particularly  large  users  (both 
industrial  and  commercial),  to  reduce  their  energy  or  fuel 
needs  without  significantly  hurting  their  production. 

2.  Develop  Attainable  Schedule  for  Environmental  Standards 
(Short-Term) 

Environmental  concerns  are  valid  and  must  be  reflected 
in  governmental  action.  However,  there  are  four  points 
with  regard  to  such  action  which  deserve  attention. 

a)  We  should  plan  for  the  development  of  environmental 
control  standards  on  time  scale  consistent  with  the  ability 
of  technological  developments  to  cope  with  them.  That  is, 
control  of  pollutants  must  be  by  the  best  practicable, 
efficient  method  unless  it  can  be  shown  that  less  stringent 

'methods  will  provide  controls  that  will  not  damage  the 
structure  and  functioning  of  the  terrestrial  and  aquatic 
ecosystems  and  will  not  be  damaging  to  human  health.  Large 
step  changes  in  environmental  standards  which  cannot  be  met 
realistically  cause  severe  economic  and  social  upheavals. 

For  example,  the  sulfur  emission  standards  established  by  EPA 
which'  apply  to  power  plants  are  based  on  the  premise,  which 
has  not  been  substantiated  by  the  market  place,  that  commercial 
processes  for  removing  S0o  from  stack  gases  are  available. 
Lacking  such  devices,  however,  many  electric  utilities  have 
had  to  convert  to  burning  more  difficult-to-get  low- sulfur 
crude  oil  or  low-sulfur  coal . Such  action  adds  acute  but  un- 
necessary perturbations  to  the  overall  energy-environment 
problem. 

b)  Even  when  standards  are  established,  there  must  be  means 
for  allowing  variances  at  existing  installations  for  reasona- 
ble periods  of  time  until  transition  from  existing  practice 
to  desired  practice  is  effected. 

c)  Standards  need  not  be  applied  uniformly  at  all  locations 
at  the  same  time  to  be  effective.  While  eventually  all 
polluters  must  be  required  to  comply  with  regulations,  action 
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is  most  effective  when  it  is  applied  first  where  it  is  most 
needed.  In  some  instances  where  environmental  and  health 
data  indicate  that  less  stringent  standards  would  not  resuli 
in  harm  (such  as  in  lightly  populated  areas),  the  standards 
for  these  areas  may  be  less  restrictive,  but  they  should  be 
accompanied  by  requirements  for.  frequent  if  not  continue 
monitoring . 


d)  To  avoid  having  the  energy  problem  in  Pennsylvania 
develop  to  the  point  of  extreme  emergency,  the  Commonwealth 
should  seek  temporary  relief  from  the  requirements  of  the 
Clean  Air  Act  in  order  that  2 . 5yo  sulfur  coal  might  be  used 
for  power  production  and  industrial  purposes  in  the  north- 
west and  midwest  until  alternate  low- sulfur  fuels  become 
available  (3) . This  request  should  be  made  if  it  can  be 
shown  that  the  use  of  such  coal  will  not  produce  harm  to 
the  terrestrial  and  aquatic  environment  and  human  health. 
This  should  be  done  only  so  long  as  means  for  gasification 
or  liquif ication  of  coal  or  other  energy  sources  with  less 
environmental  impact  are  not  effectively  available. 


Keep  and  Strengthen  Rail  Transportation  ( Short -Term) 

The  need  for  conservation  appears  particularly  important 
in  the  area  of  transportation  where  trends  in  recent  years 
indicate,  that  with  the  decline  of  railroads  and  the  phenome- 
nal growth  of  automobile  and  air  transportation,  we  have  been 
getting  fewer  passenger  miles  or  ton-miles  of  cargo  for  each 
unit  of  energy  being  used.  For  example,  reference  (2) 
points  out  that  a fast  train  uses  9^0  Btu's  per  passenger 
mile,  whereas  an  automobile  uses  over  kOOO  Btu’s,  and  a 707 
jet  uses  over  6000  Btu’s.  For  freight  handling,  pipelines, 
trains  and  barges  provide  more  than  200  ton-miles  per  gallon 
of  fuel  while  trucks,  transport  about  50  ton-miles  per  gallon. 
The  need  to  develop  incentives  for  the  use  of  more  efficient 
forms  of  transportation  is  growing. 


In  view  of  the  important  energy  savings  which  rail 
transportation  can  effect  both  for  freight  and  passengers, 
greater  use  of  railroads  must  be  made  in  the  years  ahead. 
Therefore,  it  is  imperative  that  steps  be  taken  not  only  to 
prevent  our  railroads’ from  going  out  of  business  but  also  to 
strengthen  them.  Where  routes  are  abandoned,  steps  should 
be  taken  to  have  the  state  get  control  of  the  rights  of  way 
for  possible  future  reuse  as  railway 
corridors . 


or  energy  distribution 


The  Commonwealth  has  various  possibilities  for  control'll 
energy  usage  through  taxation  and  tax  credits,  incentives  to 
become  more  efficient,  penalties  to  cut  usage;  for  example, 
the  tax  on  automotive  fuels  could  be  considerably  increased 
if  this  were  deemed  useful  as  a means  for  rationing  available 
gasoline  stocks.  Taxing  truck  fuels  could,  perhaps,  move 
truck  transport  onto  rail.  However,  this  would  have  to  be 
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done  on  at  least  a regional  if  not  a nation;  . asis  in  ord< 


to  be  effective.  However,  getting  considerable  freighl 
goods  movement  out  of  trucks  onto  rail  would  make  avail; 
considerable  fuel  for  domestic  he 
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Because  of  the  relatively  large  amount  of 
per  passenger-mile  by  automobile  travel,  steps  should  be  take; 
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transportation  systems  in  and  around  big  cities.  S] 
recommendations  regarding  mass  transportation  are  being  de 
veloped  by  a separate  GSAC  Energy  Panel  on  Transportation. 

Examine  A Modified  Pate  Structure  for  Use  of  Electricity 
( S hart -Term} 


The  preset  rate  structure  for  electric  power  should 
studied  to  determine  if  and  how,  it  can  be  revised  to  enco 
energy  conservation.  It  has  been  suggested  that  the  rat 
structure  should  be  inverted  so  that  beyond  a certain  ano 
each  unit  of  energy  would  cost  more  rather  than  less  as  i 
does  not.  This  might  be  done  by  determining  base-level 
electrical  requirements  for  homes  and  for  various  types  c 
businesses  and  industries  and  then  establishing  reasonable 
rates  for  usage  up  to  the  base  levels  with  increasingly  h: 
rates  beyond  those  levels.  The  effects  of  this  and  oth 
posals  for  modified  rate  structures  should  be  studied. 
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Provide  Public  Information  ana  Education  (Short-Term) 


The  Commonwealth  should  undertake  an  extensive  public 
information  and  education  program  to  inform  its  citizens  of 
the  nature  of  the  various  energy  supply  problems  facing. the 


Commonwealth  and  continue  to  stress  the 


;ed  and  method; 


or 


conserving 


energy.  It  should  also  promote  education  with 


respect  to  the  importance  of  efficiency  in  devices  uti 


lizing  energy. 


7 


Participate  in  Setting  Federal  Policies  (Short-Term) 


The  Commonwealth  of  Pennsylvania  should  make  provision; 
for  maintaining  an  active  awareness  of  federal  energy  and 


under  consideration j for  evaluating 


environment  o 1 rolici 
the  effects  that  such  policies  might  have  upon  the  energy 
situation  in  Pennsylvania;  and  for  taking  steps  to  see  that 
the  Commonwealth's  interests  are  reflected  in  laws  and  regu- 
lations promulgated  by  the  federal  government . 

8.  Devise  Emergency  Means  for  Handling  Shortages  (Short-Term) 


The  Commonwealth  should  study  the  question  of  what  happen, 
if  a shortage  materializes.  The  study  should  include 
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developing  bases  for  the  establishment  of  priorities  for 
energy  rationing,  the  implementation  or  administration  of 
controlled  distribution  of  energy,  and  the  impact  of  al- 
ternative policies. 

9-  Modify  Building  Codes  (Medium-Term) 

State  standards  should  be  set  for  new  buildings,  and 
tax  relief  or  other  incentives  should  be  used  to  encourage 
the  improvement  of  insulation  in  existing  buildings.  Many 
high  temperature  industrial  furnaces  have  very  lev;  thermal 
efficiency,  because  the  cost  cf  wasting  fuel  has  been  less 
than  the  cost  of  installing  heat  exchangers  and  good  insu- 
lation. This  is  less  so  in  heavy  industry,  whose  fuel 
costs  are  higher,  hut  there  is  still  room  for  improvement. 

10 . Substitute  Coal  for  Petroleum  Wherever  Practicable-  (Medium-Ter 

Petroleum  is  unique  as  an  energy  source  in  that  it  is 
the  most  widely  useful  fuel  for  transportation.  In  the 
long  term,  as  an  energy  source,  it  should  be  used  primarily 
for  supplying  transportation  needs.  Petroleum  also  has 
other  important  uses  for  making  various  types  of  chemical 
and  chemical  products  "which  are  not  readily  attainable  from 
other  sources.  Hence  it  should  not  be  used  for  energy 
production  where  coal  or  other  more  abundant  energy  sources 
are  available.  Wherever  practicable  coal  should  be  sub- 
stituted for  oil  as  an  energy  source. 

D.  Taking  the  Lead  in  Hew  Technology 

The  needs  for  advanced  coal  and  nuclear  technologies  to  pro- 
vide clean  fuels  and  for  new  public  policies  to  govern  their  use 
present  Pennsylvania  with  an  opportunity  unpare lied  in  this 
century.  Pennsylvania  is  particularly  well  qualified  to  accept 
the  challenge  and  should  do  so  for  the  continued  future  well- 
being of  it's  citizens.  Specific  areas  for  action  are  discussed 
below. 

1.  Support  Conversion  of  Coal  to  Oil  or  Gas  (Medium-Term) 

The  Commonwealth  should  catalyze  the  construction  of  a 
100  ton/day  coal  liquifaction  pilot  plant  in  Pennsylvania, 
using  funds  from  both  the  private  and  public  sectors,  to  con- 
vert Pennsylvania  coal  into  a low-sulfur,  pumpable  fuel  oil. 

In  addition,  the  Commonwealth  should  offer  State  as- 
sistance and  financial  incentives  to  stimulate  industrial 
construction  of  a low-Btu  gasification  plant  linked  to  a 
combined  cycle  power  station. 


The  Commonwealth  should  also  inventory  and  eval 
immediately,  sites  In  Pennsylvania  capable  of  suppor 
conversion  plants  requiring  5 to  10  million  tons  of 


.uate , 
ting  coal 
coal  per 
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year  for  a plant  life  of  at  least  20  years  (a  total  r-  . fra- 
me nt  of  100  to  200  million  tons)  . 

2.  Develop  Improved  Mining  Techniques  (Medium-Term) 

Because  of  the  importance  of  coal  to  Pennsylvania,  the 
Commonwealth  should  maintain  an  active  program  of  research 
aimed  at  expanded  future  use  of  its  coal  as  an  energy  source 
in  the  state . 


Of  particular  importance  in  this  connection  is  the  need 
for  research  on  the  development  of  safer  and  more  economical 
systems  of  underground  recovery  cf  coal--especially  for  seams 
less  than  thirty-six  inches  thick  and/or  pitched  seams--as 
well  as  for  methods  of  surface  mining  that  are  compatible 
with  society's  'wish  to  avoid  strip  mine  damage.  The  most 
economic  seams  for  mining  are  thirty-six  inches  or  thicker. 
Pennsylvania  has  many  seams  that  are  thinner  than  this,  hut 
the  techniques  for  coping  with  these  thinner  seams  are  not 
readily  available.  Also,  many  of  Pennsylvania's  ccal  seams 
are  pitched  at  severe  angles,  and  better  techniques  for 
coping  with  pitched  seams  are  needed. 


3 


Develop  Means  to  Obtain  Energy  from  Waste  Products  (Medium-Term) 


The  Commonwealth  should  take  steps  to  facilitate  the  col- 
lection, sorting,  and  burning  of  combustible  waste  products  to 
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time  tnat 


obtain  energy  from  such  products  at  the  s& 
being  disposed  of.  This  will  require  legislative  action  to 
enable  prospective  plants  of  this  type  to  be  assured  of  ob- 
taining the  wastes  from  the  many  municipalities  usually  sur- 
rounding a metropolitan  center  where  such  a plant  might  be  built 
In  one  Pennsylvania  area,  for  example,  a proposal  to  construct 
such  a plant  w as  dropped  because  the  plant  could  not  be  assured 
of  access  to  the  wastes  required  for  its  operation. 


4.  Develop  Means  to  Get  -Oil  and  Gas  from  Old  Wells  (Medium-Term) 


The  potential  for  increasing  production  of  oil  in 
Pennsylvania  lies  primarily  in  the  potential  for  secondary 
or  tertiary  recovery  from  oil  fields  which  have  already  been 
tapped.  Between  50  and  65  percent  of  all  known  reserves 
remain  in  the  ground  after  pumping  by  normal  methods  because 
there  is  either  insufficient  pressure  to  extract  additional 
oil  or  the  remaining  oil  adheres  to  grains  of  sand  or  are 
trapped  in  hard  soils  or  rock  formations. 


Secondary  recovery  by  hydro-fracturing  solid  formations 
and  using  compressed  air  or  water  under  pressure  are  coming 
into  increased  use  in  Pennsylvania  because  of  increasing 
value  of  Pennsylvania  crude  petroleum  with  the  high  part-fin 
content.  It  yields  about  10  to  15  percent  additional 
product  from  the  initial  reserve. 
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Tertiary  recovery  methods  are  in  their  infancy, 
method  involves  dissolving  the  residual  crude  with  solvents, 
then  moving  the  dissolved  material  to  removal  wells  by  n-  an:: 

of  a pressured  slug  of  highly  viscous  fluid.  The  pros 

involves  tailoring  to  each  crude  oil  pool, 
high  resulting-  in  almost  complete  removal  o 
reserve . 


Recovery  is  very 
original 


f the 


Tertiary  recovery  needs  a systematic  cost  benefit  analy- 
sis, and  support  of  research  in  bottleneck  areas.  A small 
investment  will  yield  significant  results. 

Encourage  Development  of  Other  Advanced  Energy  Systems  (Long-T 


a)  Breeder  Reactors 


It  is  expected  that  breeder  nuclear  reactors  will  become 
an  important  source  of  energy  during  the  latter  part  of  the 
twentieth  century.  These  can  be  divided  into  three  categoric 
sodium-cooled,  gas-cooled,  and  steam-cooled.  Work  on  develop 
ment  of  the  sodium-cooled  breeder  has  been  given  top  priority, 
by  the  U.  S.  AEC,  on  the  basis  of  potential,  economy  and  tech- 
nological experience.'  Some  of  this  development  work  is  going 
on  in  Pennsylvania  industries.  In  anticipation  of  use  of 
such  breeders,  the  Commonwealth  should  consider  the  charac- 


ter I: 


:s  of  these  plants  in  its  siting  studies. 


In  addition 


the  Commonwealth  should  encourage  specific  studies  of  materi- 
als problems  in  breeder  reactors,  since  its  Industries  and 
universities  have  extensive  expertise  in  the  field  of  materi- 
als development . 


t) 


Fusion 


Fusion  is  potentially  one  of  the  most  environment  ally 
attractive  energy  sources  conceived  by  man.  Its  primary 
fuel  would  be  the  stable  (nonradioactive)  doubly  heavy  isotope 
of  hydrogen,  deuterium,  which  is  abundant  in  sea  water.  One 
gallon  of  sea  water  has  the  fusion  energy  equivalent  to  that 
of  300  gallons  of  gasoline.  The  National  Academy  of  Sciences 
has  calculated  that  the  fusion  energy  available  from  a cubic 
mile  of  sea  water  is  equivalent  to  that  from  contusion  of 
5,700  billion  barrels  of  crude  oil  or  two  and  a half  times 
the  world ' s entire  oil  reserve  (b) . 

Despite  research  and  development  work  in  progress,  fusion 
power  plants  will  probably  not  come  into  being  until  after  the 
year  2000  because  of  the  problems  associated  with  confining 
the  extremely  high  temperature  plasmas  required  for  such  re- 
actors. Since  work  on  fusion  is  being  done  under  federal 
funding,  there  is  little  that  the  Commonwealth  should  do  at 
the  present  time  in  this  field  except  to  follow  progress  and 
encourage  Pennsylvania  Industries  and  universities  to  par- 
ticipate in  related  research  and  development  work. 


c)  Hand li nr  of  Nuclear  Wastes 


As  the  number  of  nuclear  po.;er  plants  increase  in  Penn 


com 


vania,  the  problems  of  disposing  of  nuclear  wastes  will 
increasingly  severe.  The  Commonwealth,  in  cooperation  with 
the  U.  S.  AEC  and  local  industries  and  utilities,  should  be 
planning  its  strategy  for  transporting  and  disposing  of  nu- 
clear wastes.  The  disposal  of  such  w astes  involve  extern:', 
reprocessing  plants  to  reclaim  the  valuable  unused  fuels  and 
to  prepare  the  scrap  material  for  burial  at  an  approved  site 
Pennsylvania's  geologic  structure  is  not  particularly  well 
suited  to  such  burial  unless  very  deep  storage  (in  cavities 
developed  by  underground  explosives  a mile  or  more  below  sea 
level)  turns  out  to  be  feasible.  If  Pennsylvania  does  not 
have  its  own  reprocessing  and  burial  facilities,  it  will  hav* 


arrangements 


to  assure  itself  of  the  development  of  cooperativ 
with  states  having  such  facilities  and  with  states  through 
which  nuclear  wastes  must  be  transported. 


a) 


Energy  Storage 


The  energy  problem  is  complicated  by  the  fact  that  energy 
cannot  be  readily  stored.  The  chief  method  for  storing  large 
amounts  of  energy  is  that  of  using  energy,  when  readily  availa- 
ble, to  pump  ’water  from  a low- lying  level  to  a higher-level 
reservoir  from  which  hydro-electric  power  can  be  extracted  when 
it  is  needed.  When  our  energy  demands  gr<  w to  the  levels  ex- 
pected in  the  year  2000,  more  attention  may  have  to  be  given  to 


storing  available  energy  for  peak  period  usage. 


rp'h  « 


po  s s i o j_e 


needs  for  storage  reservoirs  should- be  considered  in  developing 
appropriate  power  plant  sites.  In  addition,  the  Connonwealvn 
should  support  the  study  of  other  practical  means  for  energy 
storage  in  the  state. 

e)  Solar  Energy 

Serious  attempts  to  use  solar  energy  developed  nearly  a 
century  ago  and  practical  applications  have  been  made  to 
residential  water  heating  in  various  parts  of  the  world  (5) . 
Because  of  the  later  availability  of  cheap  power  these  appli- 


cations did  not  become  widespread 


Tod; 


;he  need  for  clean 


energy  dictates  that  the  potential  for  economic  and  practical 
use  of  solar  energy  be  exploited.  The  Commonwealth  should 
encourage  and  support  research  and  development  work  dealing 
with  the  problems  of  applying  solar  energy  in  Pennsylvania. 


f) 


Geothermal  Povrer 


In  1970  Congress  passed  the  Geothermal  Steam  Act  to  stimu- 
late development  of  geothermal  resources.  The  use  of  geo- 
thermal sources  is  receiving  significant  attention  in  countries 


such  as  New’  Zealand,  Italy,  and  the 
U.  S.  only  Pacific  Gas  and  Electric- 


Soviet  Union,  but  in  the 
has  been  using  geothermal 
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stearn  from  the  Geysers,  north  of  San  Francisco,  to  prodirr. 
up  to  184  MW  of  electricity.  In  Pennsylvania  we  do  not 
have  geothermal  steam  available,  but  by  deep-drilling 
(several  miles)  it  is  theoretically  feasible  to  extract  heat 
from  rock  formations,  (which  would  -have  to  be  fragmented)  to 
provide  steam  for  generating  electricity.  The  potential  is 
real,  but  the  problems  are  many;  they  include  not  only  those 
of  deep  drilling,  extracting  heat,  and  avoiding  subsidence, 
but  also  the  problems  of  handling  corrosive  hot  water  and  the 


need  to  use  turbines  operating  at  relatively  low  temperature 
with  only  modest  efficiencies  (6) . Nevertheless,  the  Commc 
wealth  should  study  the  economics  and  practicality  of  using 


geothermal  energy  a: 


an  energy 


source  in  Pennsylvania . 


Developing  New  Means  for  Energy  Conservation  (Long-Term) 


Usage  of  energy  generally  implies  usage  of  irreplaceable  natu 
ral  resources.  Hence  continuing  long-range  attention  must  be  giv 
to  means  for  energy  conservation  if  adequate  energy  resources  are 
be  available  to  future  generations.  Furthermore,  certain  fuels  a 
better  suited  to  fulfilling  specific  energy  needs  or  other  needs  t 


are  their  counterparts.  Petrol 'earn,  for  example 


the  prime 


source  of  fuel  for  most  forms  of  transportation.  Both  coal  and 
petroleum  are  valuable  sources  of  chemicals.  Thus  energy  conser- 
vation programs  must  be  geared  not  only  to  saving  fuels  per  se  alo 
but  also  to  saving  them  for  particular  uses. 

Studies  are  needed  to  provide  new  enlightened  and  effective 
means  for  conserving  energy.  In  addition  to  the  items  previous  de- 
listed under  C above,  the  following  items  should  be  among  those  co 
sidered . 


1.  A sustained  and  effective  long-range  education  campaign 
not  only  on  the  value  of  conservation,  but  how  it  car;  be 
done,  and  the  incentives  for  conserving  energy.  This 
educational  process  should  be  regarded  as  a continuing 
responsibility  by  government,  universities,  industry, 
churches,  service  clubs,  etc.,  with  the  best  material 
made  available  to  them. 

2.  Incentives  to  provide  and  use  more  efficient  industrial, 
commercial,  and  residential  equipment,  particularly  more 
efficient  home  air  conditioners,  and  to  maintain  equip- 
ment at  peak  efficiency. 

3-  Strong  research  programs  on  improving  all  technologies 
relevant  to  increasing  efficiencies  of  existing  energy 
producing,  storing  or  transmitting  systems . 

^ . Tax  incentives  to  encourage  lower  energy  usage  per  unit 
of  production  by  industry. 
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5.  Encouragement  to  manufacture  products  which  have  longer 
lives  to  conserve  on  the  energy  needed  to  make  more 
frequent  replacement  products. 

6.  Economic  incentives  to  encourage  greater  use  of  mass 
transportation  systems. 

Long-range  benefits  will  include  not  only  alleviation  of  po 
tential  shortages,  out  time  for  development  of  alternative  forms 
of  long-term  energy  production  such  as  energy  from  fusion  which 
is  projected  from  beyond  the  year  2000. 
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I V . Energy  Heeds  and  Sources 

A.  For  the  United  States 


To  better  understand  the  energy  supply  a 
Commonwealth  of  Pennsylvania  it  is  necessary 
situation  which  the  United  States  faces  as  a 


nd  der  r situation  in  t 
to  have  a picture  of  the 
"whole.  This  s urns  ary  is 


based  largely  on  data  and  observations  by  Dr.  John  J.  McKetta 
of  the  Advisory  Committee  on  Energy  to  the  U.  S.  Secretary  of 
terior,  as  reported  in  references  (?)  ( 8 ) and  ( 9) • 


Chairman 
the  In- 
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The  usage  of  energy  in  the 

United  States  has  exceeded  p 

production  m the  period  z 
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Figure  1 


2.  In  the  United  States,  since 
early  1967,  less  gas  has 
been  discovered  than  has 
been  produced  or  used  as 
shown  in  Fig.  2 ( 8 ) • This 
situation  is  not  likely  to 
change  in  the  next  several 
decades.  In  1972  about  9 jo 
of  the  total  gas  energy  used 
in  the  U.  S.  was  Imported. 


Figure  2 


3-  As  in  the  case  of  gas,  less 
oil  is  being  found  in  the 
U.  S.  each  year  than  is  pro- 
duced or  used,  as  shown  in 
Fig.  3(8).  In  1972  about 
30 p of  liquid  hydrocarbon 
used  in  the  U.  S.  was  im- 
ported. This  increased  to 
over  35y  in  1973 . 


Figure  3 
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The  U.  S.  has  consistently 
produced  more  coal  than  it 
uses,  as  shown  in  Fig.  4 
( 8 ) . Coal  has  been  ex- 
ported -to  Germany  and  Japan 
since  1946  as  part  of  rep- 
arations agreements.  The 
effect  of  the  Mine  Safety 
Act  and  SPA  regulations  on 
the  production  and  usage  of 
coal  in  1971  is  noticeable. 
About  22 p of  the  coal  mines 
were  closed.  Nevertheless 
growing  energy  demands  led 
to  upturn  in  coal  usage  and 
production  in  1972. 

5-  Proved  recoverable  reserves 
of  natural  gas  amounted  to 
291  trillion  cubic  feet  in 
1970  ( 7 )•  In  recent  years, 
the  average  volume  of  new 
gas  reserves  found  amounted 
to  only  half  the  volume  pro- 
duced. Figure  5(8)  shows 
these  reserves  to  be  250 
trillion  cubic  feet  as  of 
Dec.  3I5  1972.  At  the  usage 
rate  in  1972,  these  reserves 
would  last  about  10  years. 

The  undiscovered  potential 
might  be  as  high  as  750  tril- 
lion cubic  feet.  Even  this 
amount  would  last  only  30  to 
35  years  at  the  1972  usage 
rate. 

6.  Proved  reserves  of  crude  oil 
and  natural  gas  liquids,  ex- 
clusive of  those  on  the  Alas- 
kan North  Slope  (not  availa- 
ble until  delivery  facilities 
are  approved  and  completed) , 
have  declined  from  39  billion 
barrels  in  1957  to  37  billion 
barrels  at  the  beginning  of 
1971.  North  Slope  reserves 
are  estimated  at  about  10 
billion  barrels  ( 7 ) . Fig. 

6 ( 8)  shows  available  proved 
reserves  to  be  35-6  billion 
barrels  as  of  Dec.  31,  1972. 
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Figure  6 


YEARS  SUPPLY 


This  amount  would  last  about 
6 years  at  the  1972  usage  rate. 
The  undiscovered  potential  in 
the  lower  48  states  is  esti- 
mated -to  be  10 4 billion  bar- 
rels as  shown  in  Fig.  6. 

This  would  last  about  17-5 
years  at  the  1972  usage  rate. 
Large  quantities  of  new  oil 
are  also  expected  in  Alaska 
if  developments  are  allowed 

(7)- 


Reserve  estimates  are  based 
on  recovery  of  3 1$  of  the  425 
billion  barrels  of  discovered 
oil  under  present  cost  and 
price  conditions.  Recovery 
from  many  fields  could  be  in- 
creased if  prices  improved 
enough  to  warrant  additional 
investment  and  operating 
costs  needed  for  greater  re- 
covery, technically  feasible 
in  years  ahead  ( 7 ) . 

7.  The  potential  resource  base 
for  coal  is  estimated  to  be 
nearly  800  billion  tons  of 
which  nearly  200  billion  tons 
are  available  with  current 
mining  technology  and  econo- 
mic conditions  (10).  See 
Fig.  7-  At  the  1970  rate  of 
consumption  of  525  million 
tons  per  year,  800  billion 
tons  would  last  about  1500 
years  . 

Despite  the  abundance  of 
coal,  a shortage  is  devel- 
oping because  the  compe- 
tition from  other  lower- 
cost  fuels  and  increased 
coal  mining  costs  have  en- 
abled only. the  most  efficient 
operations  to  survive.  Use 
of  high  sulfur  coals  is 
also  now  being  restricted 
for  environmental  reasons. 


1500 
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Figure 
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8.  The  growing  gap  between  the  total  de- 
mand and  the  total  supply  Tor  all 
types  of  energy,  as  estimated  in  Jan- 
uary 1970 5 based  on  1969  data,  is 
shown  by  the  top  two  lines  of  Fig.  S 
( 8 ) . To  fill  this  gap  the  United- 
States  will  have  to  import  increasing 
amounts  of  its  total  energy  needs 
reaching  about  35Lh  by  the  year  2000. 
These  data  assume  a minimum  U.  S. 
population  of  271  million  by  the  year 
2000,  reasonable  application  of  en- 
vironmental standards,  and  no  new  major 
energy  usage  such  as  general  weather 
control  or  defogging  of  cities. 
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Figure  8 
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9-  Revised  estimates  "based  on.  experiences  in  1970 , .1971  and  1972, 
indicate  that  the  U.  S.  energy  situation  is  more  crucial  than 
previously  anticipated.  Figure  9(8)  shows  (for  the  period 
1970  to  I.989)  a comparison  of  demand  and  supply  curves  esti- 
mated in  1970  (solid  lines)  with  the  demand  and  supply  curves 
estimated 'in  1973  (dashed  lines).  The  demand  curve  has  risen 
and  the  supply  curve  has  dropped.  Unless  severe  rationing 
takes  place,  the  amount  of  energy  imported  will  approach  ysj, 
of  the  total  energy  demand.  J.  J.  McKetta  (8  ) points  out 
that  this  would  be  equivalent  to  12.1  billion  barrel.;  of  oil 
each  year  and,  assuming  the  oil  were  available  for  import, 
would  involve  an  annual  total  cost  of  72  billion  dollars.  He 
adds  that  it  would  take  a pipe  38  feet  in  diameter  following 
continuously  at  the  optimum  rate  of  flow  to  transport  12.1 
billion  barrels  of  oil  per  year.  In  terms  of  tankers,  he  esti 

mates,  "This  means  we  would  need  over  1,000  tankers  of  one 

million  barrels  net  capacity  (we  have  none  yet  of  this  size) 

continuously  on  the  high  seas  to  make  this  delivery." 
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10.  In  estimating  future  energy  resources,  there 
is  a tendency  to  be  overly  optimistic  about 
the  time  frame  in  which  new  energy  sources  can 
be  developed.  Table  I ( 8)  shows  the  break- 
down of  energy  from  various  sources  as  esti- 
mated for  1985  in  1970  and  1973-  The  1970 
projection  overestimated  the  rate  of  con- 
struction of  nuclear  power  plants  and  the  con- 
version of  solid  fuels  into  oil  and  gas. 


TABLE  I - ENERGY  SOURCES,  1985 


U.  S.  Sources 
in  1985 

Quadrillion  (10^) 

Btu  Predicted 
in  I97O 

Quadrillion  ( 
Btu  Predict 
in  1973 

Oil  & Liquid 

18.7 

18.2 

Gas 

16.6 

> 

15.5 

Coal 

20.5 

18.0 

Nuclear  & Hydro. 

18.5 

10.9* 

Oil  from  Solids 

8.4 

1.7 

Gas  from  Solids 

12.3 

2.0 

Geothermal 

0.15 

0.09 

Solar 

0 

1 — 1 

0 

0.01 

Fusion 

0.00 

0.00 

Hydrogen 

0.005 

0.005 

Winds,  Tides,  etc. 

0.0005 

0.0005 

95.25 

66.405 

*If  all  planned  nuclear  plants  are  actually  built. 
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B . For  the  Commonwealth  of  Pennsylvania 


The  r e qui r ene nt 
regions  of  the  Unite 
cent ages  for  energy 
in  Figure  10 . 


s for  energy  vary  substantially  among  the  various 
d States.  Table  TI  (10)  shows  the  relative  per- 
use and  population  for  the  various  region  shown 


TABLE  IT 

POPULATION  AMD  EI7ERGY  USE  BY  REGIONS  OF  U.S.  - 1970 


Region 


Population  Energy  Use  Per  Capita  Use 

-Percent  of  Total  U.S.-  Millions  of  Rtu  Per  Year 


East  Coast  39 

North  Central  33 

Gulf  Coast  12 

Rocky  Mountain  1 2 

West  Coast**  l4 

United  States  100 


31 

192 

34 

0 

LPv 

OJ 

20 

4l4 

3 

283 

12 

209 

100 

242 

**Includes  Alaska  & Hawaii 


West 

Coast 


Ko  r-y 
Mountain 


Gulf  North 

Coast  Central 


Eatr 

Coast 


Figure  ]0 


Reference  ( 10)  states:  "Although  the  East  Coast  has  the 
share  of  the  nation's  population,  it  does  not  account  for  the 
proportion  of  over-all  energy  use.  In  fact,  it  has  the  sir  1 l 


largest 

largest 


capita  consume  A oi 


test  per 


of  the  five  regions.  But  the  Gulf  Coast,  with 


little  more  than  an  eighth  of  the  nation’s  population, 
accounts  for  a fifth  of  the  total  energy  use  and  has  by 
per  capita  rate  of  consumption." 


aeve 

far 


the 


hi  ghc 
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Pennsylvania's  energy  needs  on  a per  capita  basis  do  not  conform 
to  the  average  for  the  Past  Coast  region.  As  a matter  of  fact,  its 
per  capita  energy  consumption  is  above  the  average  for  the  nation. 

Its  population  is  5-7p  of  the  U.  S.  population,  but  it  currently  con- 
sumes approximately  6.8p  of  the  energy. 

The  197d  patterns  for  energy  usage  in  Pennsylvania,  as  determined 
by  the  Bureau  of  Statistics,  Research  and  Planning,  Pennsylvania  De- 
partment of  Commerce  are  given  in  Table  III. 


TABLE  III  - ENERGY  USAGE  IN  PENNSYLVANIA  - 1970 
(in  Trillions  (10""  ) of  Btu's) 


Energy  Source 


Energy  Use 


Coal 

1775 

Industrial  Use 

1325 

Petroleum 

2064 

Electric  Utility  Use 

1369 

Natural  Gas 

765 

Transportation 

767 

Hydroelectric 

13 

Residential  Use 

736 

Nuclear 

5 

Commercial  Use 

405 

Total 

4622 

Total 

4622 

Based  on  the  1970  energy  use  patterns  for  Pennsylvania  and  the  esti- 
mated trends  in  supply  of  primary  mineral  fuel  and  secondary  energy 
sources,  the  Office  of  State  Planning  and  Development  prepared  estimates 
of  Pennsylvania's  total  energy  requirements  by  five-year  steps  for  the 


period  1930  to  2000  (11) 


.’hese  are  shown  in  Table  IV. 


TABLE  IV  - PENNSYLVANIA  ENERGY  CONSUMPTION  FORECASTS 


TOTAL  ENERGY,  ALL  CATEGORIES 


Year 


1. 

I960  - 

6, 

603 

X 

1012 

BTU 

1 0 

2 . 

1985  - 

7, 

975 

X 

10 

BTU 

1? 

O 

J * 

1990  - 

9; 

560 

X 

10"" 

BTU 

4. 

1995  - 

11, 

210 

X 

10 12 

BTU 

3. 

2000  - 

' 13} 

157 

X 

12 

10 

BTU 
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NOTE 


These  constitute  the 
high  estimates  of 
Pennsylvani a consumption 
in  keeping  with  invest- 
me  n t e s t iraat  e s . 


S.  Department  of  Interior 
Year  2000'')  which  were  used 
Importance  was  attached  to 


the  fact  that  moat  responsible  authors  believe  we 
our  current  consumption  patterns  at  least  until  .!>■ 
ening  of  the  time  currently  required  in  planning, 
structing  alternative  processes  and  facilities  tha 


are  "locked-in"  to 
■85  due  to  the  length- 
preparing and  con- 
.t  would  be  required 


to  appreciably  alter  current  pattern  ■ 


In  addition  to  estimating  gross  energy  needs 
Planning  and  Development  made  detailed  estimates 
energy  demand  patterns  in  Pennsylvania  for  the  ye 
These  are  shown  in  Table  V along  with  the  1970  pa 


, the  Office  of  St 
of  energy  sources 
ars  1980  and  1985 . 
tterns . 


ate 

and 


In  developing  the  forecasts  shown  in. Table  V for  1970  and  1985,  the 
energy  consumption  In  the  industrial  sector  was  not  increased  at  the  sarae 
rate  as  was  done  for  the  other  sectors  because  of  the  changing  patterns  o 
energy  consumption  in  the  manufacturing  industry.  The  Department  of  In- 
terior predicts  that  in  the  future  the  national  average  for  Btu  consumed 
per  dollar  of  value  added  by  the  manufacturing  sector  will  decrease  be- 
cause of  three  factors: 


1.  The  changing  mix  of  goods  from  energy-intensive  products 
to  less  'energy-intensive  products, 

2.  The  increased  efficiency  of  utilization  of  energy  In  the 
industrial  sector;  and 

3-  The  shift  of  Industry  to  greater  use  of  electricity  (thus 
minimizing  local  environmental  burdens)  and  the  consequent 
shift  of  consumption  increases  to  the  electrical  sector. 


With  regard  to  the  consumption  of  energy  per  dollar  of  value  added, 
Pennsylvania's  industry  compares  quite  favorably  to  the  national  averse 
In  1970 5 the  industries  of  the  Commonwealth  consumed  approximately  85 
thousand  Btu  for  each  dollar  of  value  added  by  the  manufacturing  sector . 
The  national  average  was  approximately  98  thousand  Btu  per  dollar  value- 
added  . 


The  estimates  shown  in  Table  V assure  that 
planning  decisions  relating  to  energy  supply  are 
and  that  alternatives  which  can  alleviate  shorta 


most  of  the  long-range 
already  cast  in  bronze 
ges  will  be  effective 


only  after  I9S5 • 


GSAC,  however,  feels  that  effective  steps  can  be  taken  to  increase 
energy  conservation  to  a significant  degree  by  1980  and  to  a greater 
degree  by  1985.  It  is  believed  that,  with  appropriate  conservation 
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and  commercial  use  can  be 


2 % between  I98O  and  1985. 
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■p  P y 


reduced  by  2 uj] % 
In  addition 
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by  1980  and  by  an  additional 
, if  intensified  efforts  are 


applied  to  expanding 
guidelines,  some  shi 
expected  by  1989  by 
could  amount  to  2 39 
I98O  and  1985 • On 
demand  patterns  for 


the  use  of  coal  within  reasonable  environmental 
ft  from  petroleum  and  natural  gas  to  coal  might.be 
industrial  usei 3 and  by  electric  utilities.  This 
of  the  added  petroleum  and  natural  gas  demands  betwee 
these  bases,  the  energy  source  patterns  and  energy 
Pennsylvania  could  be  as  shown  in  Table  v ! . 
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Preliminary  Estimates  - PENNSYLVANIA'  ENERGY  SUPPLIES  AND  DEMANDS  (10 


300)  | I (Petr 


It  is  important  to  note  that  even  if  one:  accepts  the  GO  AC  as  sum] 
tions  regarding  conservation,  the  total  energy  demands  for  A wo ul: 
be  96/,  of  the  value  estimated  by  the  Pennsylvania  Office  of  State 
Planning  end  Development,  and  for  3.985  It  would  be  9 Tjo  of  its  estimat 
The  energy  demands  still  would  be  high. 


If  because  of  the  difficulty  of  getting  more  petroleum,  the  assump- 
tion is  mode  that  additional  petroleum  will  not  be  available  to  Pennsyl- 
vania in  the  years  ahead,  greater  use  of  other  forms  of  energy  will  have 
to  be  made . The  Office  of  State  Planning  and  Development  has  examined 
the  energy  picture  under  this  assumption  for  i960.  The  results  are 
shown  in  Table  VII.  This  table  shows  that  not  only  much 
use  of  coal  would  have  to  be  made  (0I.66  greater  than 
but  also  that  the  construction  of  nuclear  power  plant 
accelerated  (to  provide  a l40 °j0  increase  in  energy  over  thsi 
Table  v)  . Both  of  these  would  be  difficult  to  do,  but  this  pictur 
brings  into  sharper  focus  the  urgent  need  to  increase  coal  production 
and  utilization  and  to  construct  more  nuclear  power  plants  in  Pennsyl- 
vania. It  should  be  noted  that  the  predicted  needs  for  more  coal  and 
nuclear  energy  shqwn  in  Table  VI  are  based  on  getting  the  increased 
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Looklng  ahead  to  the  year  2000,  it  is  clear  that  the  Commonwealth 
faces  an  even  more  formidable  challenge  in  meeting  its  energy  needs. 

As  shown  in  Table  IV  the  total  energy  demand  in  the  year  2000  is  expect 
to  be  2.85  times  the  demand  experienced  in  1970.  Clearly  there  is  a 
need  for  careful  planning  and  implementation  of  the  plans  develop  2d,  ; f 
this  challenge  is  to  be  met . Such  I • nning  is  especially  important  to 
also  assure  appropriate  protection  of  the  environment. 


C.  Coal  Reserves  of  Pennsylvania 

This  summary  is  taken  verbatim  from  selected  portions  of  reference 
(.12)  prepared  by  the  Pennsylvania  Geological  Survey  in  cooperation  with 
the  U.  S.  Bureau  of  Mines. 


For  over  a century  and  a half,  coal  has  been  a significant  element 
in  the  public  and  private  life  of  Pennsylvania.  In  the  course  of  long- 
term planning,  government  agencies,  the  mining  industries,  and  other 
groups  find  it  valuable  to  have  an  estimate  of  the  amount  of  coal  re- 
maining within  the  Commonwealth  an  its  various  counties. 

Several  estimates  of  Pennsylvania  coal  reserves  have  been  produce.! 


previously,  the  last  almost  thirty  years  ago.  This  report 
those  earlier  reserve  figures  to  January  1,  1970- 


re  vises 


The  summary  figures  for  Pennsylvania  are  as  follows: 

In-place  coal  reserves: 

Original  - 10 3 billion  tons . 

Mined  out  and  lost  - 22  billion  tons. 
Remaining  - 8l  billion  tons. 


TABLE  VD 


% 


% 


PENNSYLVANIA  ENERGY  SOURCES  AMD  DEMANDS  IN  1980 
IF  PETROLEUM  SUPPLY  TO  PENNSYLVANIA  WERE  LIMITED 
TO  1970  LEVEL  (10 12  Btu's) 


PETROLEUM 


COAL 


NATURAL  GAS 


HYDROELECTRIC 


NUCLEAR 


1980 


Trend  Per  Table  V 

New  Targets 

Industry 

365 

275 

Elec.  Utility 

1,070 

296 

Transpor  tation 

1,011 

1,011 

Resid.en.tia  1 

352 

317 

Commercial 

183 

165 

Total  Petroleum 

2 , 98 1 

2,064 

Industry 

799 

933 

Elec.  Utility 

1,334 

2,013 

T rans  por  ta t ion 

10 

10 

Res  id  entia  1 

231 

250 

Commerical 

145 

136 

Total  Coal 

2,519 

3,342 

Indus  try 

429 

386 

Elec.  Utility 

15 

15 

Transportation 

43 

43 

Residential 

328 

344 

Commercial 

202 

9 9 Q 

Total  Natural  Gas 

1,017 

1,017 

Industry 

r 

J 

5 

Elec.  Utility 

18 

18 

Transportation 

--  „ 

Reside ntial 

-- 

-- 

Commercial 

2 

_2 

Total  Hydroelectric 

25 

25 

Indus  try 

3 

'"V 

Elec.  Utility 

57 

152 

Transporation 

Residential 

— 

Comrnerc  ial 

1 

JL 

Total  Nuclear 

61 

156 

* 
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e.  potential  production): 


R e c o v e r & b 1 e c o a 1 r e serv e 3 ( i . 


Bituminous  over '2k  inches 
Bit uird.no us  over  28  inches 
Bituminous  over  36  inches 
Anthracite  over  24  inches 
All  coal  over  24  inches 


27  billion  tons 
22  billion  tons 
12  billion  tons 
8 billion  tons 
35  billion  tons 


Recoverable  stripping  coal  reserves  ^ 
counties  only):  3/4  billion  tons. 


f pA  gnivT  cU  V 


s o ut  hue  s t e r n bit  uini  nous 


The  geographic  distribution  of  Pennsylvania  coals  is  shown  in 
Figure  11. 

Allowing  for  some  excessive  generosity  in  recoverable  reserve  esti- 
mates and  the  moribund  state  of  the  anthracite  industry,  the  overall 
probably  coal  production  potential  for  Pennsylvania  is  actually  about  8 
to  9 billion  tons  of  readily  minable  deep-mine  coal  and  1 billion  tons  of 
readily  minable  stripping  coal.  At  present  rates  of  production  this  is 
sufficient  deep  coal  for  150  years  and  strip  coal  for  50  years.  In  addi- 
tion, there  is  about  another  5 or  6 billion  tons  of  marginal  deep  coal 
and  another  1 billion  tons  of  marginal  strip  coal. 

About  one-half  of  the  readily  minable  deep  coal  is  in  Washington 
and  Greene  Counties  with  important  additional  reserves  in  Westmoreland, 
Somerset,  Indiana,  Fayette,  and  Armstrong  Counties. 

Most  of  the  important  stripping  reserves 'are  in  Armstrong,  Butler, 
Clarion,  Clearfield,  Somerset,  and  Washington  Counties. 

In  spite  of  the  presence  of  very  large  amounts  of  thick,  high-quality 
low- sulfur  coal  in  the  anthracite  fields,  the  economics  of  production  seem 
to  be  such  that  very  little  can  be  considered  a likely  source  of  future 
production . 

As  opposed  to  in-place  reserves,  recoverable  coal  reserves  are  in- 
tended to  give  an  estimate  of  the  amount  of  coal  which  can  be  actually 
extracted  and  utilized.  It  has  been  found  in  practice  that  only  40  to 
70  percent  of  the  original  in-place  coal  of  an  area  can  be  recoverable  bv 
deep  mining  procedures,  and  perhaps  80  percent  overall  by  strip  mining. 

The  remainder  is  permanently  lost. 

Usually  it  is  customary  to  indicate  potential  recoverable  reserves 
by  taking  the  original  in-place  reserves  and  reducing  them  by  a realistic 
loss  factor.  To  use  the  in-place  reserves  shown  In  Figure  11  and  re- 
duce them  by,  say  50  percent  will,  however,  yield  an  extremely  high  figure 
for  recoverable  .reserves  . The  problem,  arises  from  the  custom  of  con- 
sidering seams  as  thin  as  l4  or  l8  Inches  to  be  potentially  minable. 
Although  it  is  remotely  conceivable  that  such  thin  coals  might  be  ex- 
tensively mined,  the  possibility  in  Pennsylvania  is  exceedingly  remote. 
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V . Environmental  Cons  i derations 

The  extraction  and  utilization  of  various  primary  and  secondary 
sources  of  energy  for  civilization  produces  a variety  of  impacts  upon 
plants  and  animal  life,  both  terrestrial  and  aquatic.  In  Pennsylvania 
the  main  primary  sources  of  energy  today  are  oil,  coal,  natural  gas, 
atomic  energy,  water,  and  wood. 


A. 


Water  Power 


Of  these,  the  use  of  water  to  generate  power  or  energy  for  man's 
use  probably  has  the  least  environmental  impact.  The  main  impact  of  the 
use  of  water  is  that  usually  the  creation  of  a dam  is  demanded.  In  the 
early  days  in  Pennsylvania  the  dams  were  very  small  and  did  not  severely 
impede  the  flow  of  the  stream,  particularly  during  periods  of  high  flow. 
Today,  however , hydroelectric  dams  are  immense  structures  and  have  varied 
impacts  upon  the  natural  flowing  river.  ' 

The  slowing  up  of  the  natural  flowing  river  and  the  settling  out 
of  sediments  increases  the  nutrient  load  in  this  body  of  water.  As  a 
result,  eutrophication  often  sets  in  and  a reservoir,  instead  of  being 
a clean,  sparkling  lake,  becomes  filled' with  rooted  aquatics  and  float- 
ing algal  growths.  If  this  water  Is  also  used  as  a source  of  drinking 
water,  taste  and  odor  problems  may  develop. 


There  are  many  secondary  effects  tl 


uilco  O c. 


affect  both  plant  and  animal 


life  In  regard  to  the  creation  of  a reservoir  because  recreation  usually 
follows.  This  results  in  the  increase  in  habitations,  recreation  facili- 


ties, and  highways — all  of  which  impact  the  natural  environment 


The 


degree  to  which  such  Impaction  takes  place  is  largely  determined  by  how 
well  the  use  of  the  reservoir  is  planned  as  it  relates  to  non-disturbance 
of  the  natural  environment . 


The  building  of  a dam  also  affects  the  downstream  river.  Typically 
when  the  dam  is  used  for  power,  particularly  hydroelectric  power,  the 
water  is  released  from  low  gates  in  the  dam  breast.  This  deep  water  is 
usually  cooler  than  the  ambient  water  and  lew  in  oxygen,  often  possess- 
ing no  oxygen . This  lack  of  oxygen  or  lower  redox  potential  water  has  a 
soluble  effect  upon  any  heavy  metals  that  may  be  tied  up  in  the  sediments 
deposited  in  the  reservoir;  thus  downstream  from  the  dam,  water  is 
usually  not  only  cooler  and  lower  In  oxygen  but  also  richer  in  tra.ee 
metals.  Since  the  aquatic  life  is  largely  dependent  upon  temperature 
and  oxygen  and  the  kinds  of  growth  are  greatly  influenced  by  trace  metals 
the  creation  of  a dam  may  have  a profound  effect  upon  the  downstream 
aquatic  life.  It  should  also  be  pointed  cut  that  the  clear  water  emerg- 
ing from  the  dam  has  more  energy  in  it  than  the  sediment  laden  water 
which  entered  the  reservoir.  As  a result,  this  clear  water  scours  out 
the  channel  in  an  effort  to  attain  a pattern  of  least  work.  Thus  sedi- 
mentation increases  downstream.  Usually  the  operation  of  a dam  controls 
floods,  and  whereas  this  control  may  be  beneficial  to  man  it  may  be  quite 
detrimental  to  aquatic  life  in  that  the  downstream  river  is  no  longer 
flushed  during  periods  of  high  flow. 
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B. 


Natural  Ga: 


Uatural  gas  is  one  of  the  cleanest  primary  sources  of  energy . 
refining  of  natural  gas  for  use  usually  produces  only  a very  local 
impact.  However  the  use  of  atomic  energy  to  release  natural  £ 
have  many  types  of  effects  that  to  date  arc.  poorly  understood 
scientists  of  the  United  States  Geological  Survey  have  been  invest 


me 


ma'j 

The 


One  deleterious  effect  may  occur  in  the  trans- 


mission of  gas  across  country  in  pipelines.  Should  leaks  occur  the  gas 
seeps  out  into  the  soil  and  could  kill  the  covering  vegetation  and  its 
supporting  wildlife.  It  also,  of  course,  kills  the  organisms  that  are 
in  the  soil.  If  these  leaks  occur  within  the  stream  they  will  kill  the 
aquatic  life  in  the  immediate  vicinity.  Such  areas  have  been  seen  by 
the  Academy  of  natural  Sciences,  and  we  have  noted  a wiping  out  of  the 
aquatic  life  for  many  feet  downstream.  Fortunately,  great  improvements 


have  been  made 


in  the 


fracturing  of  pipelines  and  in  the  constant 


record!’ 


of  the  pressures  within  them  so  the 


leaks  can  be. more  quickly 
detected  than  in  former  years.  Also,  pitting  effects  of  metals  compos- 
ing these  pipelines  can  be  mitigated  by  coating  and  cathodic  protection, 
careful  maintenance  of  such  pipelines  can  greatly  reduce  this  hazard. 

C . Coal 


Coal  is  one  of  Pennsylvania’s  richest  energy  sources.  However, 
mining,  transportation,  and  preparing  it  for  use  have  varying  environ- 
mental impacts . Strip  mining  has  one  of  the  most  severe  aesthetic 
effects  as  well  as  damaging  the  natural  vegetation  and  life  in  these 
areas.  In  strip  mining  the  surface  soils  are  peeled  back  and  the  coal 
is  mined  from  seams  which  are  relatively  near  the  surface.  Often  this 
is  carried  out  in  areas  of  steep  terrain. 


At  the  present  time  Pennsylvania  has  probably  the  best  strip  mining 
laws  in  the  country  in  that  all  strip  mines  must  be  backfilled;  topsoil 
must  be  carefully  saved;  and  once  the  backfilling  has  been  accomplished 
and  the  topsoil  returned,  these  areas  must  be  planted  according  to 
regulations  of  the  Department  of  Environmental  Resources.  Such  plan- 
ning is  to  produce  grass  and/or  trees- which  will  survive  in  these  areas. 
A list  of  these  has  been  prepared  by  the  Department  of  Environmental 
Resources.  In  some  cases  the  strip  mining  is  to  produce  a more  or  less 
flat  area  whereas  in  regions  of  very  steep  terrain  terraced  methods  of 
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severe  eruption  to  the  natural  ecology  during  the  time  when  strip  mini 
is  taking  place,  the  restoration  by  backfilling  of  the  former  land 
terrain  and  the  replanting  of  various  types  of  plants  greatly  mitigates 
these  bad  effects.  One  of  our  great  concerns  should  be  that  such  back- 
filling does  not  create  level  areas,  nor  destroy  natural  drainage  basins 
or  watersheds  In  the  backfilling  of  strip  mine  areas  as  this  will  impede 
the  natural  flow  of  water  and  the  regeneration  of  ground,  water  resources. 
Deep  mines  affect  the  overlying  terrestrial  landscape  in  the  creation 
of  refuse  piles  and  also  in  the  subsidence  which  sometimes  takes  place 
if  the  mines  are  not  carefully  constructed  to  mitigate  this  effect. 
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Pennsylvania  law  requires  that  refuse  piles  be  formed  in  such  a rnannei 
to  prevent  spontaneous  fires  from  taking  place  and  to  provide  cover  sc 
that  erosion  from  them  •will  not  occur. 

Both  strip  and  deep  mines  may  produce  acid  mine  waste . This  is 
one  of  the  most  serious  effects  on  the  aquatic  environment  of  mining. 
This  acid  mine  waste  is  due  to  the  interaction  of  water  with  pyrite 
which  Is  a common  mineral  found  in  association  with  coal  sea. s . The 
action  of  the  water  on  the  pyrite  creates  sulfuric  acid  and  this  very 
acid  water  will  kill  the  plants  and  arrivals  living  in  the  stream. 


Since  coal  mining  is  often  carried  out  in  country  of  highest  rec- 
reational value,  the  destroying  of  life  in  the  streams  is  of  severe 
recreational  consequence.  The  effects  of  these  acid  mine  wastes  can  be 
mitigated  by  treatment  of  these  wastes  before  they  have  a chance  to 
enter  the  stream  by  neutralizing  their  acidity  with  lime  or  other 
methods.  Sealing  of  mines  once  mining  is  completed,  or  the  careful  back- 
filling of  strip -mines  so  that  air  and  water  cannot  reach  the  exposed 
coal  seams  will  greatly  mitigate  this  effect. 


The  use  of  coal  has  various  effects  upon  the  environrnen 


One 


is 


the  air  pollution  caused  by  the  burning  of  coal, 
whatever  use , will  free 


Much  burning,  for 


:o 


the  atmosphere  nitrous  oxides,  S0o,  polycyclic 
hydrocarbons  in  small  amounts  and  radioactive  compounds . It  is  estimated 
that  the  amount  of  radioactivity  produced  by  a fossil, fuel  plant  into 
the  atmosphere  is  quite  similar  to  that  produced  by  atomic  energy  for  a 
similar  sized  plant.  This,  is,  of  course,  if  no  accidents  occur  in 
connection  with  the  atomic  energy  plant.  Waste  metals  such  as  cadmium, 
mercury,  and  berylium  are  often  eliminated  in  fl 


Gasification  and  liquefi cation  of  coal  hold  great  promise  for  the 


State  of  Pennsylvania  as  primary  fuel  sources . In  their  formation  the 

;e  the  heavy  metals 
-s  of  very 

high  quality.  Undoubtedly  it  will  be  a very  important  primary  source  of 
fuel  for  the  generation  of  electricity  and  for  other  use  within  the  State 


SCU,  and  NOx  are  removed  or  greatly  reduced  and  likewi 
ana  any  fly  ash  forms  are  eliminated.  This  gas  when  burned 


D. 


Oil 


Oil  drilling  is  carried  out  to  a minor  extent  in  the  western  part 
of  Pennsylvania . The  main  pollution  problems  relating  to  the  production 
of  oil  is  that  brine  water  is  often  used  and  subsequently  released  for 
the  separation  of  the  oil.  This  brine  water , because  it  has  a very  high 
conductivity  as  well  as  a.  high  salt  content  may  have  a severe  effect 
upon  the  aquatic  life.  This  Is  particularly  true  when  such  brine  waters 
are  released  into  mountainous  streams  as  happens  in  western  Pennsylvania 
For  these  reasons  great  care  should  be  taken  to  keep  such  waters  from 
entering  the  streams,  and  they  should  be  deionized  before  this  is 
allowed,  if  the  forces  of  flow  of  the  stream  Is  such  that  dilution 
raises  the  conductivity  only  very  little  and  likewise  has  very  little 


effect  upon  the:  salinity,  such  might  be  allowable,  but  great  care  she. 
be  maintained  in  allowing  such  discharger,  into  our  streams  not  to  chan 
significantly  the  conductivity  of  the  natural  stream  water. 


In  the  distilling  of  oil  for  ?/2  fuel  oil,  gasoline,  etc.,  usually 
crude  oil  or  coal  is  used.  As  stated  above,  in  the  using  of  any  primary 
source  of  oil  or  fossil  fuels,  iJOx,  10,., , and  various  trace  metals  as  v 
as  radioactive  substances  are  discharged  into  the  atmosphere.  A'  . 
polycyclic  hydrocarbons  are  given  off  in  very  small  amounts  into  the 
atmosphere . 


Preparing  or  refining  of  oil  often  has  other  pollution  problems-- 
often  heated  water  is  discharged  which  nay  have  small  amounts  of  oil  or 
phenol  in  it.  Phenols  are  very  toxic  to  aquatic  life  and  oil  may  cause- 
some  problems,  so  great  care  should  be  taken  that  these  substances  are 
removed  or  reduced  to  safe  quantities  as  set  forth  by  water  quality 
criteria  regulations.  The  effect  of  heated  waters  is  discussed  below  and 
the  same  general  principles  apply  to  heated  waters  whether  they  are 


released  from  refiner!- 


other  types  of  industries,  or  from  power  plants. 


E. 


Uranium 


The  environmental  impact  of  the . mining  of  uranium  for  atonic  energy 
fuels  is  similar  to  that  of  other  mining  activities . However  the  amount 
of  uranium  required  is  so  small  compared  to  the  amount  of  fuel  generated 


and  as  a resu 


il 


:he  impact  is  also  relatively  smal 


.The  main  p rob  lei 


is  handling  of  radioactive  fuels  for  their  u 


genera1. 


.ng  eiecunciuy 


or  other  kinds  of  energy  uses.  Then 


cl  I 


many  problems  involved. 


c.ai 


i • 


has  to  be  taken  in  the  encasing  of  such  radioactive  fuels  and 


their  transportation  to  make  sure  that  no  problems  arise. 


Lnd6 


of  the  most  serious  problems  connected  with  the  obtaining  of  rack  : chive 
fuels  and  in  their  use  is  in  the  transportation  of  fuel  to  the  site  and 
the  transportation  of  spent  fuel  rods  to  areas  where  they  will  be 


regenerated. 


In 


accident  the  quenching  of  fuel  rods  could 


also  Introduce  environmental  radioactivity  he 


"as 


F. 


Generation  of  Electricity 


Electricity  is  a secondary  energy  source  but  one  of  the  energy 
sources  most  utilized  today,  then  used  it  is  a very  clean  fuel,  but  its 
environmental  impacts  in  production  and  transmission  are  considerable. 

It  is  dependent  upon  a primary  fuel  source  for  its  creation- -be  it  water 
coal,  oil,  or  atomic  energy.  The  production  of  electricity  demands  the 
creation  of  steam  and  the  cooling  of  the  condensers.  This  means  that  a 
large  amount  of  water  must  be  used  for  the  cooling  process.  Tills  is 
usually  taken  from  some  nearby  surface  water  source — for  example  a lake , 
stream,  or  estuary.  This  water  may  be  passed  once  through  the  plant  or 
it  may  be  recycled  by  the  use  of  coolant  towers  or  coolant  ponds.  One 
to  two  acres  of  pond  per  megawatt  of  plant  capacity  is  usually  required. 
Dry  coolant  towers  utilize  the  air  to  cool  the  condensers  and  thus  do 
not  produce  an  impact  on  surface  waters.  The  practicality  of  using  these 
for  large  plants  is  in  the  development  phase. 
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water  than  fossil  fuel  plants.  If  th- 


j i,;  use  require  te;  nor 
cooling  water  is  reeve  1< 


t O _ 1 : 


use  of  coolant  tov;e 


+■ 1 


re: 


deman J for  water  from  the  sus 


much  less,'  be.ing  approximately  tha  evaporated  in  cooling  plus 


. ter 
tha 


for  "b low-down . 


1 . 


of  Coolant  Towers 


y>  q /*»  p "1 
v,  C, 1 itai. 


Increasing  use  is  being  made  of  coolant  tensers  in  modern  el 
generating  plants.  These  are  generally  natural-draft  vet -type  coolant 
although  forced-draft  coolant  towers  are  sometimes  used.  In 

;r  evaporated  to  the  atmosphere  is  a small 


towers , 

either  case  the  amount  of  wai 


percentage  of  that  taken  in 


The  evaporated  plume  is  composed  of  pure  water,  and  is  wafted  abort 


by  the  wind, 
used  as  a fuel  source.  The  affects  the 


[typically  it  contains  some  tritium  if  nuclear  energy  i: 


plu: 
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environment  are  several.  If  there  is  air  pollution — for  exampl< 
in  the  atmosphere- -the  water  in  the  plume  will  Interact  to  form 
various  hydrated  sulfur  compounds.  These  compounds  often  cause 
burning  when  they  come  in  contact  with  vegetation.  In  a simile, 
the  moisture  in  the  plume  mav  react  with  other  air  pollutants. 
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If  the  terrain  is  hilly  or  mountainous  or  if  an  inversion  is  sere 
the  plume  may  be  trapped  and  instead  of  being  disbursed  will  accumulai 
As  a result,  in  winter  roads  may  become  icy  due  to  the  condensation  of 
the  plume.  If  large  enough,  the  plume  acts  as  a cloud,  and  shields  oi 
sunlight,  which  in  turn  may  adversely  affect  plant  life.  However,  if 
the  terrain  is  flat  and  wind  currents  are  strong  relatively  little 
adverse  effect  from  the  plume  may  occur.  The  important  considerations 
are  the  terrain  in  which  the. coolant  tower  is  located;  the  presence  oi 
air  pollutants,  and  the  weather  characteristic  as  to  temperature  and 
inversions.  Another  important  consideration  Is  whether  the  watershed 
can  afford,  to  lose  to  the  atmosphere  the  water  lost  by  evaporation. 


The  drift  plume  contains  the  salts  concentrated  from  the  water,  and 
the  fallout  of  these  salts  is  deposited  on  land.  The  dispersion  of  the 
fallout  is  determined  by  the  wind  pattern.  Since  the  fallout  from  the 
drift  results  in  the  accumulation  over  time  of  these  salts  in  the  soil, 
one  has  to  be  concerned  as  to  the.  use  of  the  ground  to  be  affected  by 
such  fallout  as  plant  growth  may  be  limited.  For  example,  if  the  water 
is  very  low  in  conductivity  the  salt  concentration  will  be  small  and 
might  ev 


■n  be  beneficial  to  the  soil  and  plant  growth.  However 


f the 

CO  1 


is 

rh~o  - 


power  plant  entrains  brackish  or  very  hard  water  the  concentrated 
in  the  drift  plume  may  be  deleterious  to  the  soil  structure  and  wage 
tion.  This  is 'particularly  true  if  the  drift  plume  contains  chlorides. 
Coolant  towers,  because  of  their  size,  produce  an  aesthetic  impact. 


Effects  of  Condenser  Cooling 


Once -through  cooling  loses  much  less  water  by  evaporation , but  has 
far  more  thermal  effect  on  the  surface  water  resource  than  coolant  towers 


Tyoically  the  heated  water  floats  as  it  is  lighter  than  the 


lent 


However,  if  the  entrained  water 


taken  from  a deeper  and 

■j  enough  to 


saltier  layer  of  water  it  may  sink  if  the  heat  is  not 
counteract  its  greater  specific  gravity.  Depending  on  the  amount  of 
water  discharged,  the  way  it  is  discharged  and  the  flow  characteristic 


of  the  receiving 

v»-pn 


body  of  water  the  war  . water  may  spread  out  over  the 


surraee  and  thus 


Effect  a large  amount  of  the  plankton  organisms , or  it 
may  form  a deco  plume  and  create  a thermal  block  to  migrating  organ! s: 


such  as  fish.  If  the  discharge  is  made  at  the  bank  of  th 


or- 


it  ma 


be  caught  in  areas  which  have  poor  current  circulation  and  as  a result 


the  heat  builds  up.  This  most  often  happens 


;idal  situations  such 


as  the  upcer  estuary  of  the  Delaware 


If  the  flow  of 


faster  than  the 


;e  of  discharge  or  the  stream  is  vein 


;ne  stream  is 
t shallow,  the  won 


water  may  flow  in  a fairly  narrow  land  down  one  shore  rather  thai  mixing 
with  the  current  of  the  river.  As  a result  it  does  not  form  a thermal 
block  but  the  heat  is  not  dissipated  for  a much  longer  reach  downstream. 
These  thermal  effects  may  be  mitigated  by  a forced  discharge  which 
quickly  entrains  a large  amount  of  water.  The  heat  is  dissipated  by 
dilution  rather  than  radiation,  and  a thermal  block  or  a large  area  of 


'hi 


method  oi  discnarge  is  r< 


datively 


heated  water  does  not  occur, 
new  for  large  volumes  of  water  and  needs  considerable  study  to  under- 
stand its  impact.  It  seems  to  be  a desirable  method  where  there  are 
few  thermal  discharges  and/or  where  the  amount  of  discharged  heated 
water  is  relatively  small  compared  to  the  volume  of  water  in  the  river 
The  effect  on  quickly  entraining  many  organisms  in  the  dilution  proces 
also  needs  study. 


O 
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Thermal  Effects  on  Rivers  and  Lakes 


The  effects  of  heat  on  surface  vatei 
It  is  well  known  that  increasing  the  temper 


and  their  organisms  are  sever 


ure  increa.se s the  rate  of 
diffusion  and  the  solubility  of  many  chemicals,  and  thus  affects  the 
chemical  composition,  of  water.  It  also  effects 'the  viscosity  of  water 
and  therefore  organisms  tend  to  sink  more  quickly  in  warm  water  than  in 
cool  water.  Higher  temperatures  usually  increase  bacterial  activity  and 
thus  would  speed  up  the  mineralization  process  and  create  a more  severe 
oxygen  sag  in  areas  of  high  nutrient  loading  such  as  downstream  from  a 
sewage  plant. 


The  affects  on  algae,  invertebrates,  and  fish  are  several.  It  is 
well  established  that  all  organisms  have  a range  of  temperature  toleranc 
and  within  this  is  an  optimum  range  which  may  vary  in  width  and  position 
with  the  age  or  activity  of  the  organism.  Small  incur  cl ses  J_ n temperatur 
toward  the  optimum  range  may  be  beneficial.  For  example , raising  the 
temperature  a few  degrees  in  winter  may  increase  productivity  and  growth 
However,  this  same  increase  in  temperature  in  summer  that  raises  the 
temperature  above  optimum  is  usually  detrimental.  If  the  temperature 
exceeds  or  is  decreased  below  the  range  of  tolerance,  the  organism  may 
die.  Whether  it  dies  depends  on  the  length  of  time  of  exposure.  It  has 
been  found  that  organisms  can  be  exposed  to  high  or  low  temperature  for 
a few  seconds  without  lasting  harm  provided  they  are  quickly  returned  to 
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ambient  temperature  in  which  they  were  livin 


The  bad  affect 


results  from  leaving 


hem 


lie  high  temperature  or  the  low  temperate 
acclimation  ha 


for  long  periods  of  time  and  acclimation  has  to  take  place.  Therefore 
an  entrainment  through  a condenser  which  exposes  organisms  for  only  a 
few  seconds  and  the  water  is  quickly  returned  to  the  receiving  body  of 
water  will  have  much  less  affect  than  if  the  organisms  were  more  slowly 
passed  through  the  condensers  and/or  remained  for  an  hour  or  more  in  an 
effluent  canal.  The  smaller  the  rise  in  temperature  the  less  harm 
produced,  but  the  length  of  time  of  exposure  seems  to  be  the  most 
import  emit  factor.  The  lower  the  tempers,ture  rise  the  more  water  has  to 
be  entrained  for  cooling;  therefore,  depending  on  the  size  of  the  recejr, 
ing  body  of  water  and  the  tyre  of  organisms,  a decision  has  to  be  made 
as  to  what  rise  condenser  is  best.  If  nuclear  energy  is  used, a low  riss 
condenser  is  also  better  if  there  is  a chance  of  a sudden  shut  down. 

The  reason  is  that  sudden  cooling  of  the  water  around  the  discharge  may 


us« 


very  serious  fish  kills  if  a zone  of  warm  water  has  developed  as 


the  organisms  cannot  suddenly  acclimate  to  much  cooler  water 
of  warm  water  should  only  be  a few  degrees  above  ambient. 


Such 


"Whereas  entrainment  and  sudden  exposures  for  short  times  may  not 
kill  organisms , it  often  temporarily  alters  physiological  processes. 
However  in  many  cases  they  Quickly  recover.  Other  affects  of  entrain- 
ment nay  be  mechanical  or  chemical.  Microorganisms  are  usually  not 
affected  by  the  mechanical  aspects  of  entrainment , but  larger  organism 
such  as  some  zooplankton,  juvenile  fish,  and  eggs  may  be  affected..  Tb 
worst  effect  seems  to  be  chlorination.  The  higher  the  chlorine  con- 
centration the  worse  this  effect  is . This  may  be  mitigated  by  not  usi 


chlorine  and  using  mechanical  methods  such  a; 


■can 


for  keeping  th< 


condensers  cle; 
c one  ent rat ion s 


If  chlorine  is  used  it  should  be  applied  at  very  low 


for  longer  period; 


of  time 


Other  temperature  effects  are  produced  by  the  alteration  of  natu 


temperature  rhg  u 


fViris  . Organisms  have  evolved  over  time  to  respond  to 
diurnal  and  seasonal  changes.  Increases  in  temperatures  which  do  not 
allow  these  shifts  in  temperature  to  occur  may  greatly  affect  aquatic 
life.  For  example-,  most  organisms  can  withstand  high  temperatures  for 
short  periods  of  time  provided  that  cooling  at  night  occurs.  Increase; 
In  temperature  which  hold  the  temperature  above  the  optimum  during  the 


night  as  well  as  the  day  will  have  detrimental 


effect; 


Likevi 


se 


, rises 


in  temperature  which  will  eliminate  shifts  in  temperature,  particularly 
in  the  spring  of  the  year,  may  have  serious  affects  upon  reproduction. 

For  example,  the  reproduction  process  of  bass  is  stimulated  by  the  water 
temperature  passing  from  the  low  sixties  to  the  high  sixties  in  the  spring 
of  the  year. 


Disease  or" pests  of  desired  organisms  are  often'  stimulated  if  tem- 
peratures remain  higher  for  longer  periods  in  the  year  than  would  natural!; 
occur . 


The 


may  be  mitigated  if  deep,  cooler  water  Is  e 


rather 


sur: 


:e'  w/cer . 


Under 


condi 


i f 1 ow  rise 


conaen 


(such  as  a 10  F condenser)  are  used  the  discharge  water  may  be  only  : 


d 
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deyre 


warmer  than  ambient  and  thus  ha\  • much  lens  influence  on  tl 


receiving  body  of  water.  It  is  true  that  the  oxygen  i ' be  much  lo- 
tus; it  rather  quickly  gains  oxygen  on  discharge  and  if  necessary  oryg< 
tion  can  be  increased  by  agitation.  The  plankton  is  usually  much  les: 
in  deeper  water- -particularly 


this  true  for  eggs  and  very  youn< 


01  organisms . 


Short  retension  time  before 'returning  to  ambient  conditio: 
also  greatly  mitigates  adverse  affects  as  does  discharging  the  wafer  into 
the  channel  where  mixing  is  thorough.  The  use  of  Amertap  or  other  means 
than  chlorine  or  heavy  metal  cleansers  for  cleaning  also  reduces  harm 
to  entrained  organisms  and  organisms  in  the  receiving  body  of  water. 


The  affects  of  radioactivity  under  normal  conditions  of  presently 
designed  power  plants  seem  to  be  minor.  However,  radioactivity  should 
be  continually  monitored  for  accumulation  in  organisms  in  order  that 
very  small  leaks  can  be  quickly  detected. 


The  effect  on  organisms  of  water  intakes  may  be  serious 


Thi 


applies  to  industrial  plants,  refining  or  processing  fuels  as  well  as 
power  plant  intakes.  Organisms  are  often  drawn  against  intake  screens 
which  usually  damages  them  if  it  does  not  kill  them.  Once  the  skin  or 
scales  or  an  organism  has  been  subject  to  abrasive  action  it  is  more 
subject  to  disease.  Therefore  intake  speeds  should  be  kept  as  low  as 
possible.  The  exact  rate  depends  upon  the  density  and  size  of  organism: 
in  the  lake,  stream,  or  pond.  A speed  of  one-half  foot  per  second  or  les: 
is  recommended.  The  deeper  the  intake  -usually  the  lesser  the  number  of 
organisms  entrained.  However  in  winter  fish  often  hibernate  in  deeper 
water,  but  a speed  of  a half  foot  per  second  or  less  will  usually  not  en- 
train them. 


h. 


Effects  of  Electric  Power  Lines 


Electricity  is  transmitted  by  power  lines . To  date  most  of  these 
have  required  the  clearing  of  a strip  of  land  which  may  extend  for  miles 
across  the  countryside . Such' strips  are  aesthetically  not  pleasing  ana 
they  also  destroy  some  of  the  cover  for  game.  To  date  underground  trans- 
mission is  not  practical.  However,  the  installation  of  towers  by  heli- 
copter will  greatly  reduce  clearing  and  improve  the  aesthetics  as  well 
as  restoring  much  of  the  cover  for  game.  Other  plans  for  installations 
should  be  investigated  such  as  running  several  lines  so  far  as  possible 
along  the  same  path.  The  more  electricity  is  used,  the  greater  the  number 
of  transmission  lines  that  will  be  needed.  The  use  of  higher  voltages 
could  substantially  reduce  the  number  of  lines  while  at  the  same  time  in- 
creasing the  tower  size  and  right  of  way. 


G.  Summary  Comment: 


From  this  discussion  it  is  evident  that  hydropower,  and  particularly 
hydroelectric  power,  is  the  energy  for  man’s  use  that  has  the  least  impact 
on  the  environment.  However,  as  stated  in  the  discussion,  it  has  some 


impact.  This  primary 


:ource  is  relatively  limited. 


Fossil  fuels  impact  the  environment  in  their  procurement  as  well  a: 
in  their  utilization.  Coal,  in  Pennsylvania  is  our  largest  primary  sour: 


of  energy.  The  terrestrial  ini 


■ 


strap  and 


ep  mine 


well 


c 


controlled  by  our  state  lav/s . However,  the  impact  of  acid  mine  wastes 
is  a severe  jiroblem  and  although  its  management  has  long  been  researched 
very  effective  ways  of  manage;  ;nt  have  not  been  found.  If  we  are  willir 
to  spend  the  money  the  acid  mine  wastes  can  be  mana  - and  tl 
localized..  Since  mining  areas  are  often  in  regions  of  great  recreational 
value  It  is  Important  that  those  acid  waters.be  deal l with  effectively 
so  that  their  deleterious  effects  are  only  in  a small  region.  This  can 
be  done  by  sealing  and  pumping  the  mines,  and/or  neutralizing  the  acid 
stream  waters  and  containing  precipitates.  There  are  also  other  ways  of 
treatment  such  as  ion  exchange  beds.  Further  research 'toward  the  best 
means  to  solve  the  problem  is  needed. 


The  gasification  of  coal  produces  a fuel  for  many  uses  with  no 
significant  environmental  impact.  Although  these  methods  of  waste  treat- 
ment arid  gasification  of  coal  may  appear  to  be  expensive,  if  one  counts 
the  environmental  and  other  costs  they  may  be  quite  practical. 


The  main  air  impact  of  oil  refining  is  in  the  use  of  the  primary 
energy  source  for  refining . There  are,  of  course,  aquatic  environmental 
impacts  in  the  procurement,  transportation,  and  refining  of  oil.  There 
is  considerable  technical  information  as  to  how  to  reduce  these  affects. 
In  many  cases  laws  and  regulations  are  necessary  to  ensure  the  use  of  tin 
best  practical  methods  to  mitigate  adverse  affects . 


Considerable  effort  has  been  made  by  oil  companies  to  remove  oil 
and  toxic  substances  from  wastes  before  they  are  discharged  so  that  the 
impact  on  the  receiving  body  of  water  can  be  very  little . A well  run 
refinery  using  the  best  practicable  methods  may  have  little  effect  on  tl  2 
environment.  Perhaps  the  greatest  need  is  to  greatly  reduce  the  frequency 
and  amounts  of  oil  spills  and  the  pumping  of  oily  bilge  water  from  ships 
into  surface  waters . 

The  use  of  gasoline  for  transportation  creates  a severe  air  pollution 
problem.  The  more  effective  use  of  gasoline,  the  use  of  pollution-reduc- 


ing devices  on  e 


lausts,  and  the  use  of  mass  trauy 


■tation  will  greatly 


reduce  these  problems. 

The  production  of  electricity  creates  air,  water,  and  aesthetic 
environmental  problems.  However,  there  are  several,  ways  to  mitigate  the 3 
effects.  One  of  the  most  important  is  to  size  the  power  plant  to  the 
restrictions  of  the  environment.  This  means  the  use  of  fossil  fuels, 
hydropower,  and  nuclear  energy  as  a primary  energy  source  where  each  are 
appropriate.  Since  fossil  fuel  plants  use  about  4'0  percent  less  water 
than  nuclear  plants  per  unit  of  electricity  generated,  this  type  of  plant 
should  be  erected  where  the  water  resource  is  limited. 


The  ecological  water  problems  resulting  from  the  entrainment  of  water 
and  subsequent  heating  are  common  to  other  industrl  as  well  as  utilities 
The  impact  of  entrainment  on  organisms  and  the  discharge  of  heated  water 
from  all  types  of  plants  can  be  greatly  reduced  by  low  intake  speeds  and 
various  types  of  screens  to  deflect  the  organic?  s : deep  water  intakes ; 
short  retention  time  of  water  before  it  Is  returnee  to  the  receiving 
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stream;  lew  heat  rise  condensers ; and  a forced  discharge  of  heated  wa  >: 


into  me  cnannoi  where  j. 


is  quid:!' 


relatively  little  radio 


activity  is  discharged  into  water  by  properly  run  nuclear  plant: 


Coolant  towers  may  mitigate  the  effect  on  surface  waters  and 


very  beneficial  in  certs  in  inst: 
produce  certain  problems. 


however , 


outli nod  above , 


The  air  pollution  problems  vary  with  the  type  of  primary  fuel, 
these  being  SO  , NGx,  trace  metals,  and  polycyclic  hydrocarbons  for 
fossil  fuels  and  small  amounts  of  radioactive  pollutants  for  nuclear 

with  current  knowledge  can 


power  plants . These  air  pollution  probler 
be  greatly  reduced  but  not  completely  eliminated. 


ie  important  con- 


siderations are  that  they  be  reduced  as  much  as  possible;  that  the 


DC 


discharged  in  a manner  that  will  ensure  that  they  are  quickly  dispersed; 
and  that  they  be  monitored  so  that  any  build-up  can  be  quickly  ascertain:-. 
Correct  siting  of  power  plants  is  one  of-  the  most  important  considera- 
tions. 


The  greatest  potential  environmental  radioactivity  problem  of  nuclea: 
. gy  is  in  the  handling  of  spent  fuel  rode  and  the  management  of  was 
in  case  of  an  accident , 


There,  are  many  proposed  new  methods  for  utilizing  present  fuel  source 
and  the  development  of  new  resources.  Among  the  more  * import ant  are 
solar  energy,  geothermal  power,  oil  shales,  and  nuclear  energy  such  as 
fusion  and  the  fast  breeder  reactor.  Many  of  the  environmental  impacts 
concerning  transmission,  production,  etc.,  will  be  similar  to  some  of 
those  for  existing  energy  -resources,  others  will  have  new  impacts . To 
date  we  can  only  estimate  these,  and  therefore  they  are  not  considered 
in  this  discussion.  - 


H. 


Constraints  on  Fuel  Use 


This  section  is  taken  largely  from  a paper  (20)  by,  -Howard  W.  Chapman. 
Associate  Deputy  for  Air,  Water,  and  Community  Protection,  Pennsylvania 
Department  of  Environmental  Resources,  delivered  at  the  Pennsylvania 
Industrial  Fuel  Efficiency  Seminar,  held  in  Harrisburg,  Pa.,  on  August  22. 

1973  • 
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severe  damage  to  water,  air  anci  land  if  proper  safeguards  and  techniques 
are  not  used. 


Of  particular  concern  today  is  the  effect  on  air  quality  fro:.-.,  the 
combustion  of  coal  - particularly  in  reference  to  the  Federal  and  St  etc 
ambient  air  standards . The  1970  amendments  to  the  Federal  Clean  Air 
Act  mandated  the  Federal  Government  to  develop  and  adopt  nationwide  prim: 
ary. and  secondary  ambient  air  standards.  Primary  standards  are  based  on 


- k9  - 


c 


c 


health  hazards,  and  secondary  . rds  are  has  :d  on  public  Lf  ■ 

Under  the  amendments  to  the  Act,  the  State:  , inc lading  P ms;  ania, 
required  to  develop  implement  at ion  plans  to  schi  . - the  primary  standar 
by  1975,  and  to  develop  implementation  pi;  by  July  1973  to  achieve 
secondary  standards  within  a reasonable  period  of  time.  As  a result, 
Pennsylvania  did  develop  an  implementation  plan  for  achieving  the  primary 
air  standards  by  1975  and  is  nor  busily  engaged  in  this  endeavor, 
implementation  plan  for  the  secondary  standards  has  not  yet  been 
and  sc  the  July  1973  date  mentioned  above  ’was  not  met.  .negotiations  on 
secondary  standards  are  currently  in  progress  between  Pennsylvania ' s 
Department  of  Environmental  Resources  and  the  federal  government's  Envi- 
ronmental Protection  Agency. 

Regarding  coal  as  a fuel,  the  two  paramete rs  of  greatest  concern  are 
particulates  and  sulfur  dioxide.  The  Federal  Ambient  Air  Quality  Stan- 
dards on  these  are: 


Particulate 

Annual  Average 
Maximum  24  hr . 


Primary 

75  ug/ew3  ' 
260  ug/ cm3 


Secondary- 
60  ug/cm3 


150 


cm3 


S u If ur  D i ox  i d < 


Annual  Average 
Maximum  24  hr . 


.03  ppm  x 
• l4  ppm 


.02  ppm 
.10  ppm 
•50  ppm 


From  the  above,  it  will  be  noted  that  the  secondary 
restrictive  than  the  primary  standards  which  explains  to 
difficulty  in  drawing  up  secondary  standards. 


an 


;.re  nor 
rree  th 


The  implementation  plan  for  tht 


fcainment  of  primary  standards  which 


Pennsylvania’s  Department  of  Environmental  Resources  drew  up  contained  re- 
lations which  limited  the  emissions  of  particulates,  sulfur  dioxide,  and 
hydrocarbons.  . These  emission  standards  were  designed  to  control  emission 
sufficiently  to  attain  the  national  ambient  air  quality  standards, 
developing  these  emission  standards  for  the  three  parameters,  the  Departme 
used  the  technique  of  estimating  and  determining  the  existing  air  qu 
throughout  the  State  by  the  use  of  sampling,  emission  inventories,  and 
diffusion  modeling  techniques.  A roll-back  technique  was  then  used  to 
determine  the  amount  of  control  needed  to  achieve  the  ambient  air  quality 
standards,  and  the  emission  standards  were  developed  based  on  this  infor- 
mation , 

The  application  of  these  primary  standards  have  placed  constraints 
on  the  use  of  coal  as  a fuel  in  Pennsylvania  as  was  intended  in  order  to 
meet  environmental  requirements . 


With  regard  to  particulate  matter  it  was  determined  that  particulai 


The  tec 


should  be  controlled  by  a single  statewide  emission  standard, 
no logy  for  controlling  particulates  is  available,  through  the  use  of  duct 


collectors,  etc.,  but  the  cost 


1'. 


hint 


Micrograms  per  cubic  centimeter 
-x-*  Parts  per  million 
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its  own  standard  based  on  the  allowable  percentage  of  sulfur 
in  that  county. 


in  fuel  burned 


Using  the  above  outlined  emission  standards,  an  interpret 
quality  of  coal  which  could  be  used  without  special  treatment  and  meet  the 
Federal  ambient  air  criteria  for  sulfur  and  would  comply  with  the  State's 
emission  standards  are  as  follows: 

1.  In  the  four  most  restrictive  air  basins,  the  permissible  sulfur 
in  coal  without  flue  gas  control  for  an  average  Etu  content  coal 
would  range  from  0.4  percent  sulfur  to  0.65  percent. 


2 


In  the  remaining  eight  of  the  air  basins,  the  maximum  sulfur 


content  could  range  from  1.2  percent  sulfur  up  to‘  1, 


o 


:ent . 


3-  In  the  remaining  eight  of  the  air  "basins,  which  is  over 
of  the  State's  area,  the  maximum  sulfur  content  could  be  approxi- 
mately 2 . 5y  • 

v Also  of  interest  to  Pennsylvania  is  the  prevention  of  ecological 
damage  caused  by  the  mining  of  coal,  both  deep  and  surface.  A s] 
problem  has  been  that  of  acid  mine  drainage.  The  hundreds  of  miles  of 
acid  streams  in  the  Ovate  are  primarily  duo  to  abandoned  deep  mines  where 
none  or  improper  techniques  were  used  to  seal  the  mine  to  prevent  acid 
mine  water  from  escaping,  and  from  surface  or  strip  mine  works  where  im- 
proper drainage  and  backfill  techniques  were  used. 

Acid  mine  drainage  can  be  prevented  by  keeping  water  out  of  the  mine 
by  recognizing  and  avoiding  areas  'where  geologic  factors  indicate  high 
permeability:  by  treating  the  pollutants  in  order  -to  remove  or  neutralize 
them  before  discharging  the  water;  and,  by  sealing  the  mine  after  mining 
ceases  to  prevent  the  formulation  of  acid . Coal  processing  can  be  a major 
source  of  pollution  if  the  waste  water  is  not  treated  properly.  Usually, 
the  only  treatment  required  is  pH  adjustment  and  sedimentation.  The  dis- 
posal of  the  coal  refuse  must  be  managed  properly  or  it  can  become  a 
serious  source  of  water  pollution. 


Pennsylvania  has  had  a strong  } aw  and  outstanding  enforcement  of  coal 
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strip  mining  for  many  years,  particuls 
mine  control  till  of  I.963  was  } assed 
sequent  clean  streams  legislation  in  1 
backfilling  is  now  required  at  most  mi 
backfilling  is  permitted) , and  a -highw 
exposed  after  reclamation  since  Iff-'1, 
area  must  be  collected,  neutralized  an 
All  top  soil  must  be  preserved  and  pla 
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survived  under  these  rigid  requirements,  but  has  done  it  in  the  face  of 
competition  from  adjoining  states  where  the  requirements  are  less  rigid. 
Since  1963,  the  number  of  strip  mine  operators  in  Pennsylvania  has  in- 
creased from  357  to  381,  and  the  annual  tonnage  has  increased,  from  ate 
2b  million  to  27  million.  Pennsylvania's  early  action  to  manage  strip 
mining  may  have  averted  public  demand  for  stopping  strip  mining  alt ego  a her 
as  has  been  the  case  in  some  states. 


From  the  energy  reports  that  are  available 


is  apparent  that  the 


Nation  must  look  to  coal  as  its  major  source  of  energy  for  the  near  future 
From  the  President's  energy  message  and  from  other  r< 


jorts,  it  is  apparent 


that  the  Federal  Governs 


will  vastly  enlar, 


and  improve  technology  to  cope  with  the  sulfur  problem. 


effort  to  develop 
As  indicated 


above,  the  Environmental  Protection  Agency  does  not  plan  to  require  the 


States  to  establish  dates  soon  for  meeting  the  secondary  standards, 
remains  the  policy  of  SPA  and  the  State  to  meet  the  health-related  pri 
air  standards  by  1975-  It  is  hoped  that, through  the  combined  actions  or 
developments  relative  to  conservation,  redistribution  of  low-sulfur  fuel, 
and  technological  developments,  these  standards  can  be  achieved  by 
1975 --and  Congress  is  not  required  to  give  an  extension. 


c v 


The  primary  ecological  concern  re! 

end 


;ive  to  the  u 


of  fuel  oil  i 


v H 


cu  q yo  r, 


;Ion  standards  prevail  that  vein 
rasoline  and  diesel  fuels  in 


sulfur  dioxide  problem, and  th 
presented  for  coal.  ' The  combustion  c: 
automobiles  and  trucks  pose  an  entirely  different  type  of  problem, 
problem  is  being  addressed  by  the  Federal  Environmental  Protection 
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in  limiting  emission  from  the  exhaust  pipes  in  new  cars 


In  addition. 


states  are  required  to  develop  transportation  strategies'  to  reduce  the 
number  of  vehicular  miles  travelled 
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Nuclear  reactors  are  becoming  increasingly  Important  in  the  production 
of  electricity.  In  Pennsylvania  there  are  fourteen  such  nuclear  power 
plants  in  operation,  under  construction,  or  announced  for  construction. 
There  are  considerable  ecological  constraints  to  obtaining  electrical 
energy  from  nuclear  power.  Adequate  planning  and  careful  engineering 
are  required  to  avoid  or  offset  ecological  prob lens  from  nuclear  power 
reactors.  In  BWR's  (boiling  water  reactors) , non-condensable  gases  are 
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Turning  to  liquid  releases.  Ftp's  contribute  the  major  quantities  of 
radioactivity  In  the  form  of  tritium,  a radioactive  form  of  hydrogen. 
Releases  of  tritium  from  PWR's  are  thousands  of  times  more  than  from  HR's 


Since  tritium  cannot  be  removed.  It  is  released  with  th 


conventional 


water  discharge.  However,  several  new  PWR's  are  designed  to  have  no 
liquid  effluents.  Eventually  the  FWR  coolant  will  have  to  be  removed 
from  the  plant  and  stored  out  of  man's  environment. 


Because  of  the  potential  for  accidents  (though  very  small)  nuclear 
power  plants  are  now  sited  in  low  population  areas.  This  criteria  Is  use 
to  allow  for  the  controlling  of  the  population  group  in  the  event  of  large 
scale  releases  of  radioactive  material  to  the  environment.  The  Departraen 
of  Environmental  Resources  has  reactor  emergency  plans  for  each  facility 
in  the  State  ana  those  on  our  borders.  In  addition,  nuclear  power  plants 
must  be  built  with  engineered  safety  features  to  limit  the  consequences  of 
accidents  as  well  as  to  prevent  them. 
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Pennsylvania  has  a number  of  energy  intensive  industries  within 
its.  borders;  e .g. . , steel,  aluminum,  glass,  corners 


etc  . 


the  price 


of  energy  rises,  the  costs  of  producing  these  basic  materials  will  ; 1 
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requirements  for  their  production.  This  will  affect  the  price  of  these 
materials  with  respect  to  others  which  might  be  substituted  for  thru, 
perhaps,  changing  the  market  considerably;  thereby  affecting,  the  economi< 
health  of  these  industries  in  our  state.  It  is  reasonable  to  assume 
that  nonindustrial  users  will  be  equally  affected  within  Pennsylvania 
and  in  our  neighboring  states  with  respect  to  domestic  heating,  prices 


of  gasoline  for  transportation,  et< 
by  different  state  tax  structures. 
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With  respect  to  power  plants,  we  have  a particular  problem  in  re- 
placing high  sulfur  fuel  with  low  sulfur  fuel  of  any  form.  If  environ- 
mental lav/-  prevails,  we  can  be  in  a very  serious  position  with  respect 
to  providing  or  meeting  our  .demands  for  electricity.  This  would  have 
a major  impact  on  industrial  activity  in  the  state,  we  assume  that  resi- 
dential use  would  take  priority. 
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As  the  price  of  gasoline  rises,  lower  income  groups  who  reply  on  the 
automotive  vehicle  for  going  to  and  from  work  will  be  regressively  af- 
' fected  with  respect  to  the  higher  income  groups.  In  addition,  the  impact 

on  leisure  travel  will  be  large,  as  4&h  of  our  gasoline  is  burned  in  this 
manner.  This  would  affect  the  resort  areas  of  Pennsylvania  considerably 
winter  sports,  hunting,  fishing  and  boating. 
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mental  controls  reed  not  bo  applied  uniformly  at  all  locati  >ns  at  t) 
same  time  to  be  effective.  While  eventually  all  polluters  must  be  re 
quired  to  comply  with  regulations,  action  is  most  effect i\  wl  n it  i 
applied  first  where  it  is  most  needed.  Thor-  are  many 'small  towns  an 
rural  areas  where  more  time  can  b provided  for  c La  withou 
in.iurv  to  the  environment . 


At  the  present  time,  there  are  several  other  energy  problems  moving 
in  parallel.  One  has  to  do  with  the  present  difficulty  in  meeting 
electrical  power  demands.  This  is  due,  largely,  to  delays  in  getting 


new  plants  on  line 
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Presumably,  this  sort  of  delay  will  be 


brought  under  control  as  utility  company  planners  become  familiar  with 
environmental  impact  planning  requirements  and  new  siting  procedures. 
However,  we  will  still  be  in  a relatively  poor  electric  power  reserve 
situation  for  several  years . We  also  have  a shortage  of  clean  liquid 
and  gaseous  fuels.  Part  of  this  shortage  is  due  to  the  switch  from 
high  sulfur  coal  in  industry  and  central  stations  to  oil  and  to  gas.  A 

good  part  of  the  shortage  of  gas  results  from  the  capacity  of  our  ex- 
isting well  and  pipeline  system  to  supply.  The  gas  industry  has  not 
been  an  attractive  investment  in  the  last  few  years.  The  1.  ■■_.  in 
ment  in  proving  reserves  and  increasing  canacity  has  not  kept  pae<  with 
increasing  demand.  This  is  likewise  true  for  refinery  capacity  and  oil 
pipeline  systems . 
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We  entered  the  winter  of  1972-1973  short  on  heating  oils  because  of 
both  unexpected  increased  demand  for  gasoline  and  higher  profitability- 
in  producing  gasoline.  Refineries  wore  producing  gasoline  for  longer 
than  usual . This  meant  that  we  were  likely  to  enter  the  summer  of  1973 
short  of  gasoline  stocks  further  aggravating  that  problem  because  of  our 
poor  heating  oil  position  now. 


The  country,  as  a whole,  is  short  of  storage  facilities  for  liquid 
and  gaseous  fuels.  Pennsylvania  has  a number  of  sue!:  facilities  but 
needs  more  of  them  to  better  balance  supply  and  demand . The  Common  - 
wealth  shoul  ] ■ smote  their  development  and  coi  struction  by  provide n.r 
incentives  for  private  industry  to  build  them.  ' Phe  state  itself  might 
also  consider  developing  them  or  at  a no  cost  or  a slightly  profitable 
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at  a state  level  are  formulated  at  the  federal  level.  . - the  most  pare 

states  merely  comply,  or  attempt  to  comply,  with 'federal  policy  after  it 
is  enacted  without  contributing  any  input  to  policy  making.  Inasmuch  ns 
these  federal  policies  do  affect  us,  the  states  should,  in  tarn,  be  a 
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The  Commonwealth  should  be  careful  not  to  spend  its  money  in  areas 
supported  by  federal  funds  except  on  supplementary  or  complementary  ac- 
tivities of  particular  impor  nee  to  the  state.  Federal  studies  are  nol 
likely  to  deal  with  specific  energy  problems  of  individual  states, 
in  specific  hardware  developments;  e.g.,  in  coal  gasification  or  liquifi- 
cation,  the  federal  government  is  not  likely  to  deal  with  special  problem 
that  arise  u : use  of  the  characteristics  of  particular  local  coal  which 
can  be  very  bicnd-cnt  +-. 
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Another  aspect  of  this  problem  would  be  for  the  Commonves 1th  t 
somewhere  in  its  structure  - perhaps,  in  the  Office  of  science  at 
Technology  - a small  staff  that  would  stay  abreast  of  no.  ' int 

national  developments  in  the  energy  area  with  respect  to  energy,  re sou 


and  the  envirc 


ana  na 


v a 


go oa  unde r st  at 


f the  Commonwealth's 


needs;  thereby,  being  aide  to  advise  the  Governor  of  emerging  problems  or 
actions  that  he  might  take. 

It  is  probable  that  one  of  the  most  effective  things  that  the  Common- 
wealth could  do  once  it  better  understands  its  problem,  needs  and  ad- 
vantages, would  be  to  use  economic  incentives  in  addition  to  research 
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money  to  promote  the  development  and  implementation  of 
gies  within  the  state  rather  than  elsewhere . For  example,  if  significant 
clean  fuels  from  the  cosl  industry  could  be  established  in  the  Common- 
wealth ant  could  also  provide  the  oasis  of  the  plastics  industry. 

B.  Specific  R £:  J)  Activities  Applicable  to  Pennsylvania 

The  topics  suggested  below  were  developed  by  an  energy  panel  in  the 
Workshop  on  E O Priorities  in  Pennsylvania  counduct ed  by  the  Center  for 
the  Study  of  Science  Policy  of  the  Pennsylvania.  State  University  in 
Harrisburg,  Pa.,  on  March  5,  1973  (13) • the  panel  included  a number  of 
GSAC  members  whose  input  is  included, 

1.  Research  into  the  interaction  between  the  supply  of  ana  demand  for 
energy,  with  particular  foeus  on  the  impact  that  alternative  pricing 
systems  might  have  on  supply  and  demand. 

2.  Research  on  reducing  the  energy  requirements  of  existing  products. 

For  example,  carbon  steel  motors  are  widely  used  in  homes  and  indus- 
try to  operate  appliances  and  equipment.  These  motors  run  hot  and 
consequently  use  electricity  Inefficiently.  The  development  of  an 
alternative  form  of  motor  which  operates  more  efficiently  would  reduce 
the  demand  for  energy. 

3-  Research  on  the  effects  that  modified  state  building  codes  which 
contain  provisions  regulating  insulation,  glaring  of  windows,  etc . would 
have  upon  the  demand  for  energy. 

7.  Research  into  the  effects  that  federal  policies  have  upon  the  energy 
s it uation  in  Penh sylvani a . . 

5-  Research  into  the  energy  implications  of  existing  federal  air  quali- 
ty standards  for  30  and  ICO,  . 

cL  97 


One  of  the  factors  which  helped  to  precipita  .*•  the  energy 


of  this  past  winter  can  be  traced  to  air  quality  regulations  which  have 
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that  sulfur 


been  put  into  effect  recently.  There  is  a general  feeling 
dioxide  and  other  air  quality  regulations  have  been  arbitrarily  es- 
tablished at  given  levels  in  response  to  an  emotional  feeling  that  the 
air  we  breathe  .should  be  kept  clean,  rather  than  as  the  result  of  scien- 
tific decisions.  If  this  is  true,  the  energy  situation  nay  be  exac- 
erbated by  unnecessarily  rigid  limitations. 


6.  Research  and  develop 
limitations  in  terms  of  s 


went  to  define  scientifically  sound 
pecific  geographic  areas  as  well  as 


stack  point. 


air  quality 
at  the 


7.  A survey  of  on-going  regional  development  projects  to  determine  the 
pattern  of  future  energy  demand. 


8.  Research  on  the  development  of  safer  an  more  economical  systems 
of  underground  recovery  of  coal- -especially  for  seams  less  than  thirty- 
six  inches  thick  and/or  pitched  seams--as  well  as  for  methods  of  sur- 
face mining  that  are  compatible  with  society's  wish  to  avoid  strip 
mine  damage. 

The  most  economic  seams  for  mining  are  thirty-six  inches  or  thicker. 
Pennsylvania  has  many  seams  that  are  thinner  than  this,  but  the  technique 
for  coping  with  these  thinner  seams  are  not  readily  available.  Also, 
many  of  Pennsylvania's  coal  seams  are  pitched  at  severe  angles,  and  bstte 
techniques  for  coping  with  pitched  seams  are  needed. 


9-  Research  on  the  liquefaction  and  gasification  of  coal  in  Pennsyl- 
vania . 


The  use  of  Pennsylvania's  coal  may  be  limited  by  its  sulfur  content. 
Two  basic  approaches  are  used  to  control  the  sulfur  in  coals.  One  is 
to  remove  the  sulfur  from  the  stack  gases  following  combustion.  The 
energy  panel  questioned  the  value  of  Pennsylvania's  supporting  work  on 
stack-gas  clean-up.  Instead,  the  panel  favored  the  second  approach, 
that  of  removing  sulfur  from  the  coal  at  the  input  stage  or  prior  to 
combustion . 


10.  Continuation  of  existing  annual  data  series  on  the  state's  coal 
resources . 


11.  Identification  of  potential  sites  for  liquefaction  and/or  gasifi- 
cation plants. 


12.  Research  on  the  characteristics  of  the  coal  labor  markei 


13 • Research  on  Improved  techniques  for  deep-well  drilling  of  petroleum 

l4 . Research  on  achieving  greater  recovery  of  residual  oils. 

Pennsylvania  is  an  active  producer  of  both  oil  and  gas.  There 
arc  presently  about  00,000  operating  oil  wells  in  the  state.  However, 
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many  of  thorn  are  stripper  wells,  the  average  production  of  which  is  l/2 
barrel  per  day.  This  compares  with  average  daily  yields  of  5,000  to 
10 , COO  barrels  for  Middle  Eastern  wells.  During  the  pa'st  year,  more 
than  1,000  oil  an  gas  wells  were  drilled;  about  700  of  these  wells  were 
dry.  Of  the  wells  which  were  not  dry,  less  than  10  percent  are 
economically  viable.  The  potential  for  increasing  production  of  oil 
in  Pennsylvania  lies .primarily  in  the  potential  for  secondary  or 
tertiary  recovery  from  oil  fields  which  have  already  been  tapped. 


40  and  y0  percent  of  all  known  reserves  remain  in  the  groun 


rl 


Between 

after  pumping  by  normal  methods  because  there  is  either  insufficient 
pressure  to  extract  additional  oil  or  the  remaining  oil  adheres  to  grains 
of  sand.  A technique  for  recovery  of  this  oil  has  not  been  perfected. 


15*  A study  of  the  economic  and  environmental  consequences  of  oil 
drilling  in  Lake  Erie. 


There  is  a significant  amount  of  oil  under lyi 
shore  drilling  in  Lake  Erie  has  been  prohibited  wi 


ng  Lake  Erie.  Off- 
thin  the  boundaries  of 


Pennsylvania.  However,  Canadians  are  drilling  wells  in  the  portion  of 
Lake  Erie  lying  within  their  boundaries. 


l6.  P study  of  the  effects  of  an  incentive 
deep-well  drilling  for  gas  in  Pennsylvania. 


program  designed  to  encourage 


Pennsylvania  is 
serves  generally  lie 
potential  for  develop 
It  is  estimated  that 
to  $500,000  per  hole, 
risks  are  not  as  high 
present  time  to  under 


known  to  have  reserves  of  gas.  However,  these  re- 
at  depths  of  6,000  to  8,000  feet.  Deep  areas  with 
ment  have  been  identified,  but  the  risks  are  high, 
the  cost  of  drilling  deep  wells  range  from  $150,000 
These  same  costs  apply  in  other  states  where  the 
Consequently,  oil  companies  are  unwilling  at  the 
take  deep-well  drilling  in  Pennsylvania. 


17-  A study  of  the  economic  and  environmental  consequences  in  Pennsyl- 
vania of  deep-water  ports  for  petroleum. 


18. 


Identification  of  suitable 


sites  for  nuclear  power  plants. 


Forecasts  which  have 
demand  for  energy  project 
fuel  sources  in  favor  of 


been  made  concerning  the  long-run  supply  and 
a.  shift  away  from  primary  reliance  on  fossil 
nuclear,  solar,  or  other  forms  of  energy. 


"f  Vqrm  "O >■*  m. 

in  Pennsylvani 


f h o v*  o c ro 


ninrhPr  nt  n n r»  I 


The  future  situation  with  regar< 


over  p 1 a nt c o p e r a t i n g 
to  nuclear  plants 


depends  on  a number 
sites.  Whi le  the 
disapprove  a potent 


of  factors,  including  the  availability  of  acceptable 
federal  government  reserves  the  right  to  approve  or 
ial  site,  the  proposal  is  developed  by  the  individual 


utility.  The  availability  of  potential  sites  is  constrained 
of  criteria  including  geologic  requirements  and  the  supply  of 


by  a number 
water  for 


cooling  purposes . 


19*  A study  of  the  effects  and  extent  of  effects  of 
temperatures  resulting  from  the  discharge  of  cooling 


increased  t<  r 
waters  from 
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power  plant:-,  on  Pennsylvania  ’ s stream.: 


The  water  which  is  used  for  cooling  purposes  in  the  generation  of 
nuclear  or  fossil-fueled  power  raises  the  temperature  in  the  receiving 
body  of  water  if  it  is  not  cooled  prior  to  discharge.  This  thermal 
effect  has  received  a great  deal  of  attention  in  terras  of  the  potential 


harmful  effects  on  the  flora  and  fauna. 


Recent  studies  which  indicate 


that  the 


effects  may  be  different  from  those  assumed  in  the  past  have 


been  completed  in  other  states 


20.  A study  of  the  potential  impact  of  a uranium  enrichment  facility 
in  Pennsylvania. 

In  the  past,  uranium  enrichment  has  been  carried  on  primarily  by 
the  federal  government.  This  situation  is  on  the  verge  of  changing, 

however,  with  a number  of  private  companies  preparing  to  possibly  under- 
take such  activities.  As  is  the  case  with  deep-water  ports,  there  is 
potential  for  developing  a uranium  enrichment  facility  in  Pennsylvania. 

21.  Research  on  the  incineration  of  waste  and  methods  for  recovering 
the  heat  from  such  waste . 


There  have  been  proposals  to  do  exactly  this,  but  the  problem  seems 
to  be  related  to  getting  guaranteed  access  to  the  waste  rather  than  the 
technical  problems  of  burning  it. 


22 


Study  of  the  question  of  what  happens  if  energy  shortages 


ten; 


the 


Questions  on  the  establishment  of  priorities  for  energy  rationing, 
implementation  or  administration  of  controlled  distribution  of  energy, 


and  the  impact  of  alternative  policies  were  raised,  but  unanswered 
panel  agreed  on  the  following; 


The 


a.  A study  should  be  conducted  to  determine  priorities 
should  be  followed  and  the  impact  of  alternative  policies 
the  event  of  a severe  energy  shortage . 


wdii  ch- 
in 


b.  Also,  efforts  should  be  undertaken  to  develop  methods  for 
educating  and  motivating  people  to  understand  the  need  for 
conservation  of  energy. 


VIII.  Assessment  of  0'ntions 


In  this  section  extensive  use  is  made  of  Appendix  1 of  Reference  (If) 
which  reported  on  the  Governor's  Briefing  on  Coal  Conversion  Processes 
held  in  Harrisburg,  Pa.  on  January  25,  1973  as  part  of  GSAC ' s considera- 
tion of  Pennsylvania's  energy  problems.  Reference  (15)  was  also  used. 

As  indicated  earlier,  in  perhaps  15  years  a variety  of  new  processes 
can  provide  us  with  substantial  amounts  of  clean  energy  from  coal  and  nu-  - 
clear  fuels.  Moreover,  they  should  do  so  at  costs  competitive  with  the 
projected  costs  of  other  presently  available  clean  fuels.  But.  in  the 
shorter  term,  there  is  no  single  course  of  action  open  that  will  fully  sat- 
isfy both  needs  for  energy  and  for  meeting  environmental  requirements.  We 
must,'  therefore,  make  use  of  a number  of  temporary  expedients  during  the 
next  10  to  15  years,  and  indeed  such  expedients  are  available.  However, 
we  shall  only  sail  into  calmer  waters  in  10  to  15  years  if  vigorous  re- 
search and  development  are  accelerated  now. 

Figure  12  has  been  prepared  to  illustrate  the  times  at  which  various 
options  regarding  present  and  future  sources  of  power  can  become  avail- 
able even  if  appropriate  research  and  development  programs  are  accelerated 
now.  As  shown  in  this  chart,  most  of  the  new  developments  expected  from 
such  research  and  development  work  can  have  a significant  impact  on  our 
energy  problems  only  after  1985. 

% 

Specific  considerations  affecting  both  the  short-term  and  medium- 
term  energy  situation  are  discussed  in  the  f o 1 lowing  two  sections.  These 
discussions  arc  then  followed  by  an  evaluation  of  the  related  energy  dis- 
tribution problems  and  providing  energy  for  transportation. 

A.  Short-Term  Considerations  Af  fee  ting  Energy  Production 

1.  Fuel  and  energy  consumption  for  electric  power  generation  accounted 
for  only  26.3%  of  total  energy  use  in  1970  (a  national  average). 

Of  this  26.3%,  0 . 37o  came  from  nuclear,  4 . 17,  from  hydroelectric  and 
21.9%  from  fossil  fuels  (coal  12.1%,  gas  6 . TL , oil'  3.6%).  Direct 
industrial,  commerical  and  domestic  use  of  fuel  is  much  greater  in 
aggregate . 

2.  Appendix  1 of  Reference  (14)  reports  that  the  overall  conversion  of 
the  thermal  energy  of  fuels  via  electricity  into  effective  heating  of 
homes  is  particularly  low,  and  should  be  discouraged  as  it  compounds 
our  energy  problems.  However,  other  studies  show  that  this  is  not 
necessarily  so.  In  one  study  (21)  the  total,  electric  home  was  found 
to  use  about  the  same  (and  in  some  cases  less)  raw  energy  per  square 
foot  than  combination  fueled  homes. 

3.  The  low  cost  of  fuels  and  energy  in  the  past  has  encouraged  many 
wasteful  practices.  in  particular,  except  where  heating  was  by 
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electricity,  there  has  been  no  incentive  for  builders  lo  install 
good  insulation.  Better  insulation  can  save  as  much  as  157.  of  fuel 
consumption.  State  standards  could  be  set  for  new  buildings,  and 
tax  re’lief  or  other  incentives  could  be.  used  to  encourage  the  im- 
provement of  insulation  in  existing  buildings.  Many  high  tempera- 
ture industrial  furnaces  have  very  low  thermal  efficiency,  because 
the  cost  of  wasting  fuel  has  been  less  than  the  cost  of  installing 
heat  exchangers  and  good  insulation.  This  is  less  so  in  heavy  in- 
dustry, whose  fuel  costs  are  higher,  but  there  is  still  room  for 
improvement . 

4.  Gas-fired,  domestic  furnaces  and  ranges  and  industrial  appliances 
are  usually  fitted  with  pilot  lights  as  means  of  ignition.  Over- 
all, the  pilot  lights  consume  about  8%  of  the  total  fuel  used  for 
the  appliances.  Other  safe  means  of  ignition  are  available  which 
do  not  waste  fuel. 

5.  A 250  megawatt  power  station  burns  about  2 tons  of  coal  per  minute, 
and  passes  up  the  stacks  some  1-2  million  cubic  feet  of  gas  per 
minute  (over  2 billion  cubic  feet  per  24-hour  day).  It  is  because 
of  this  enormous  volume  of  gas  that  no  engineer  would  corn-template 
for  a minute  installing  stack  gas  scrubbers  if  he  did  not  have  to; 
every  cubic  foot  has  to  be  brought  into  efficient  contact  with  a 
solid  or  liquid  absorbent  to  remove  to  an  acceptable  level  the  500- 
1500  parts  per  million  of  sulphur  dioxide  present., 

TVA  and  Kansas  City  Power  and  Light  Company  already  have  full  scale 
experimental  stack  gas  cleaning  plants  which  are  used  for  testing 
processes  and  gaining  operating  experience.  No  satisfactory  sys- 
tem has  yet  emerged  in  these  plants.  The  optimistic  estimates  of 
the  potentialities  of  stack  gas  cleaning  to  be  available  soon  have 
mostly  derived  from  designers  of  processes  and  manufacturers  of  the 
necessary  equipment.  In  reality,  one  might  expect  to  have  a proven 
system  working  successfully  within  5 years,  and  the  experience  gain- 
ed would  then  guide  the  design  of  new  installations..  It  is  still 
possible  that  the  costs  will  prove  prohibitive,  particularly  when 
stack  gas  cleaning  is  added  to  an  existing  power  station.  For  a 
new  power  plant,  stack  gas  cleaning  will  add  about  207o  to  the 
overall  cost  of  construction,  as  well  as.  adding  to  running  costs. 

With  present  technology,  the  average  residence  time  of  the  gas  in 
the  scrubber  has  to  be  about  30  seconds,  which  means  that  the 
scrubber  has  to  be  very  large  because  of  the  enormous  volume  of  gas 
to  be  processed.  What  is  needed  is  a very  efficient  absorber  that 
does  not  get  rapidly  plugged  with  sulphur,  and  a better  reactor  de- 
sign, so  that  the  necessary  residence  time  can  be  reduced. 

As  noted  above,  electric,  power  generation  accounts  for  about  one- 
fifth  of  total  fuel  consumption.  The  balance  of  consumption  relies 
mostly  on  oil  and  gas.  If,  as  these  become  in  short  supply,  there 
is  conversion  back  to  coal,  for  industrial  process  heating',  there 
will  be  further  problems  of  stack  gas  cleaning,  though  these  will 
not  be  so  severe  with  smaller  units. 
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Coinjection  of  1 ime  or  dolomite  with  coal  has  been  tested  in  the 
U.K.  as  a means  of  reducing  sulphur  emissions  in  power  stations  of 
the  currently  used  type.  This  expedient  does  not;  reduce-  emissions 
by  more  than  about  20%,  but  this  would  be:  sufficient  with  some  mar- 
ginal coals.  However,  larger  precipitators  may  well  be  needed  to 
remove  the  particulates  from  the  stack  gas. 

If  the  prices  of  natural  gas  and  oil  are  allowed  to  rise,  there  is 
no  doubt  that  more  of  both  will  be  found  within  the  continental 
U.S.  This  is  only  a short  term  solution  because  exploration  will 
become  more  costly  and  yield  diminishing  returns. 

Pennsylvania  anthracites  are  relatively  low  in  sulphur  (0.5-1. 5%), 
and  it  may  be  desirable  to  make  use  of  them  for  industrial  heating 
and  steam  generation,  since  little  sulphur  clean-up  would  be  nec- 
essary. There  are  objections,  however; 

(i)  Anthracites  are  relatively  costly  to  mine,  and  some  of 
the  mines  are  now  flooded. 

(ii.)  In  specially  designed  equipment,  anthracite  can  be  burnt 
quite  satisfactorily.  In  equipment  designed  for  bitumin- 
ous coals,  one  could  only,  with  present  technology,  use 
a blend  of  anthracite  with  bituminous,  because  of  the 
low  reactivity  of  anthracite. 

(iii)  The  efficiency  of  electrostatic  precipitators  in  remov- 
ing anthracite  ash  from  stack  gas  is  rather  low. 

Nevertheless,  in  the  circumstances,  the  possibilities  should  be: 
exp lored . 

Even  though  all  possible  advantage  is  extracted  from  the  above 
measures,  it  is  likely  that  some  reliance  on  imported  supplies  of 
gas  and  oil  will  be  necessary  for  some  years.  As  competition  with 
Western  Europe,  Japan,  Australia  and  other  countries  for  supplies 
becomes  more  serious,  prices  will  rise  and  the  balance-of-payments 
crisis  will  become  intolerable,  if  overseas  supplies  continue  to 
be  relied  on. 
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Power  Generation 

It  has  been  realized  for  some  time  that  combined  cycle  power  sta- 
tions would  have  a much  higher  thermal  efficiency  than  the  stations 
presently  in  use.  In  these,  a low-sulphur  oil  or  a cleaned  gas 
would  be  burnt  under  pressure,  the  hot  combustion  gases  would  drive 
turbines  directly,  heat  remaining  in  the  exhaust  gases  would  be  ex- 
tracted in  a was  to -heater  boiler  and  the  steam  generated  won  Id 
raise  f u r t h e r e 1 e c t r i c i t y in  s t e a m t u r b i n e s . 


r 


Full  advantage  of  the  system  cannot  yet  be  taken  chiefly  because 
materials  of  which  to  make  the  turbine  blades  are  not  yet  available 
for  service  at  the  high  temperatures  required  for  high  efficiency 
(2400- 2600°F) . United  Aircraft  and  perhaps  other  companies  are  de- 
veloping such  materials  for  jet  engine  use,  as  well  as  power 
generation . 


strong  potentiality  for  means  of  p: 


At  any  rate,  here  is  - 
era tion  that  would  cause  much  less  SO  , NO  and  thermal  pollution 
than  present  stations,  and  would  be  operationally  more  economical . 
If  gas  from  coal  is  used  as  fuel,  removal  of  sulphur  will  bo  far 
simpler  than  stack  gas  cleaning,  because  the  volume  of  gas  to  be 
cleaned  will  be  only  3-57o  for  equivalent  power  production.  There 
is  a case  for  building  a plant  now  on  this  system,  to  gain  experi- 
ence in  operation.  It  should  be  versatile  enough  so  that  better 
turbine  blades  can  be  fitted  when  better  materials  become  avail- 
able, and  initially  should  use  fuel  oil  from  petroleum.  During  the 
briefing,  it_  was  pointed  out  that  th’e  Wes  tinghouse  Electric  Company 
is  indeed  pursuing  this  course  of  action  and  that  a 250  megawatt 
plant  will  be  operating  by  1980  (1^-), 


Fluidized  Bed  Combustion  of  Coal 


a steam-raising  plant.  Crushed  or  finely  powdered  coal  is  burnt  in 

* 

a "fluidized"  bed,  that  is,  a bed  of  particles  suspended  in  the  com 
bus tion  air  so  that  the  gas-solid  mix  behaves  like  a liquid.  For 
various  technical  reasons,  this  means  of  burning  coal  results  in 
greatly  decreased  SO  and  NO  emission  and  may  be  cheaper  to  build 
than  present  steam-raising  plants.  It  is  being  developed  by 
National  Boal  Board  in  Britain,  though  not  yet  on  a large  scale, 
arid  by  Pope,  Evans  and  Robbins,  and  by  Esso,  in  the  U.S. 

The  system  has  potentialities  in  the  fairly  near  future  for  meetin 
the  steam-raising  needs  of  industry  and  perhaps  also  for  space  hea 
ing  of  large  commercial  buildings.  In  view  of  the  ■potentialities 
of  combined  cycle  power  generation  (#1  above),  it  does  not  seem 
worth  developing  very  large  fluidized  bed  combustors  for  this 
purpose. 

Some  General  Remarks  About  Coal  Conversion 


There  are  three  options:  gasification  to  gas  of  low  Btu  content, 
conversion  to  high  Btu  (pipeline)  gas,  and  liquefaction.  There  is 
no  doubt  that  all  three  options  should  be  taken,  because  of  the 
differing  needs  of  consumers  and  their  location  in  relation  to  the 
point  of  energy  production.  Comparing  liquefaction  to  a low-sul- 
phur fuel  oil  with  production  of  high  Btu  gas,  for  power  generation 
domestic  and  commercial  uses,  and  industrial  process  needs,  lique- 
faction is  preferable  because: 
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(1)  Less  addition  of  hydrogen  to  the  con  1 is  needed  for  con- 
version. 

(■2)  Energy  conversion  efficiency  is  higher  (757.  compared  with 

60%)'. 

(3)  Much  less  water  is  needed  (water  is  the  ultimate  source 
of  the  hydrogen  for  gasifications). 

(4)  Oil  is  easily  stockpiled  against  peak  loads,  while  gas  is 

no  t . 

(5)  Oil  can  be  pipelined  cheaply;  this  has  a lower  cost  per 
mile  per:  Btu  than  pipelining  gas,  shipping  coal  or  trans- 
mission of  electricity. 

(6)  The  cost  per  Btu  is  likely  to  be  appreciably  less, 

(7)  The  product  is  safe  to  transport  and  store. 

A disadvantage  is  that  with- present  technology,  removal  of  nitrogen 
is  rather  inefficient  in  liquefaction  but  can  he  high  with 
gasi f icaticn . 

The  thermal  efficiency  of  producing  low  Btu  gas  is  high  and  conver- 
sion costs  relatively  low.  The  costs  of  low  Btu  gas  pipelining  are 
very  high  and  so  the  gas  must  be  generated  where  it  is  to  be  used. 


Table  VII  summarizes  the  options  available  for  use  of  coal  conver- 
sion processes. 

Low  Bt.u  Gas 

There  are  two  processes  that  have  been  tested  extensively  on  a 
commercial  scale,  though  not  in  the  U.S.  Of  these: 

(a)  the  Lurgi  process  gasifies  coal  under  about  20  times  at- 
mospheric pressure,  which  reduces  the  size  of  the  gasifi- 
cation and  combustion  equipment  and  considerably  reduces 
the  cost  of  sulphur  clean-up  by  reducing  the  volume  to 

be  scrubbed.  It  can  only  be  used  with  caking  coals,  such 
as  those  of  Pennsylvania,  if  the  coal  is  pretreated,  part 
of  the  Btu  content  being  lost  in  the  process. 

(b)  the  Koppers-Totzek  process  can  accept  any  coal  without 
pre treatment , but  operates  at  atmospheric  pressure,  so 
that  the  product  gas  would  have  to  be  compressed  before 
any  use  is  made  of  it. 

Development  of  better  processes  is  in  progress.  This  approach 
could  be  valuable  for  industrial  process  heating  and  steam  raising. 


5. 


Use  of  the  gas  for  combined  cycle  pov/ar  goner.-' ti  on  1..-.  • 
and  would  be  effective,  but  a fuel  oil  from  coal  would 
able  if  nitorgen  removal  can  be  accomplished. 

High  Btu  Gas 

Many  processes  are  under  development  and  at  least  five  pilot  plants 
are  being  built;  two  of  them,  the  Bi-gas  and  the  Synth  a no- , in 
Pennsylvania.  Some  of  the  processes  require  that  coking  coals  be 
pre-treated,  as  with  the  Lurgi.  This  gas  is  the  most  convenient 
fuel  to  use  for  most  purposes  and  it  would  be  expensive  for  some 
present  users  to  switch  to  an  oil.  The  price  of  natural  gas,  un- 
like that  of  other  fuels,  has  been  regulated  for  many  years  at  what 
many  believe  to  be  unrealistic  levels.  It  is  likely  to  prove  the 
most  expensive  of  fuels.  If  large  oil  tanks  are  installed,  con- 
sumers to  some  extent  may  be  able  to  stockpile  in  periods  of  ready 
availability,  but  this  is  not  possible  with  gas.  Most  processes 
generate  a low  Btu  gas  first  and  then  cataly tically  convert  this 
to  high  Ecu  gas;  this  catalytic  or  "me thanation"  step  has  still 
not  been  developed  to  a fully  satisfactory  state. 

6 . "Solvent  Refined  Coal" 

This  process  is  being  developed  by  the  Office  of  Coal  Research 
with  Pittsburgh  and  Midway  Coal  Company.  A pilot, plant  is  being 
built  in  the  State  of  Washington.  It  represents  the  first  attempt 
to  devise  a means  of  producing  from  coal  a solid  or  semi-solid 
fuel  of  reduced  sulphur  and  ash  content.  It  is  questionable  v, Tie  the 
it  will  produce  fuels  of  acceptably  low  sulphur  content  from 
Pennsylvania  coals,  and  the  product  is  not  fluid  enough  to  ba  pump- 
abla.  Both  objections  could  be  met  by  adding  a stage  of  catalytic 
hydrogen  treatment,  but  if  this  is  to  be  done,  one  might  as  well 
use  one  of  the  more  recent  liquefaction  processes  (below). 

7 . Coal  Liq ue faction 

The  conversion  of  coal  to  a "synthetic  petroleum"  has  been  known 
since  about  1925  and  was  relied  on  in  Germany  during  the  special 
conditions  of  the  Second  World  War  to  produce  essentially  all  the 
aviation  gasoline  needed  for  the  war  effort.  Since  then,  the  tech- 
noloov  bpp  hpen  r on s i d pim b 1 v advanced  and  "Proipr.t  (das oli  ne"  , for 
which  a pilot  plant  was  built  by  Consolidation  Coal  Company  with 
support  from  O.C.R.,  had  the  same  objective  of  producing  synthetic 
petroleum.  However,  attainment  of  this  objective  requires  a large 
consumption  of  hydrogen,  which  is  expensive.  Recently,  a more 
limited  objective  has  been  strongly  advocated  by  some  research 
groups;  to  use  a minimal  amount  of  hydrogen  and  a specially  de- 
signed catalyst  to  convert  coal  to  a low-sulphur  pump able  fuel  oil. 
Such  an  oil  would  be  cheaper  to  produce  and  could  be  used  for  power 
generation,  domestic  and  commercial  needs  and  industrial  processing 
Remaining  supplies  of  petroleum  would  be  then  reserved  for  trans- 
portation fuels  and  for  chemicals. 
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Processes  with  the  more  limited  objective  are  under  development  by 
Gulf  Research  and  Development  Company  (Pittsburgh,  Pennsylvania), 
U.S.  Bureau  of  Mines  (also  in  Pittsburgh)  and  Hydrocarbon  Research, 
Incorporated  (Princeton,  Hew  Jersey).  The  latter  company  is  support 
ed  by  a consortium  of  lour  oil  companies.  The  processes  differ  in 
catalyst  used  and  in  reactor  design,  and  are  at  somewhat  different 
levels  of  development,  but  all  have  worked  satisfactorily'  on  a 
small  scale.  Gulf  has  designed  its  own  multi-functional  catalyst, 
while  the  others  use  commercial  preparations.  Reactor  design  pre- 
sent. difficult  engineering  problems,  and  difficulty  may'  be  experi- 
enced in  scale-up  with  all  three  concepts.  Appraisal  of  the  three 
concepts  by  an  independent  engineer  would  be  helpful.  No  immediate 
plans  for  building  a pilot  plant  exist.  Nevertheless,  with  adequate 
support,  liquefaction  may  well  make  a substantial  contribution  to 
energy  needs  sooner  than  gasification,  because  the  equipment  need- 
ed for  the  various  unit  processes  of  liquefaction  can  largely  use 
existing  and  proven  designs. 

8 . Multi-Purpose  Coal  Conversion  Plants 

With  some  liquefaction  and  gasification  processes,  large  quantities 
of  hydrogen  will  be  required  and  there  may  be  an  unreacted  residue 
or  "char."  The  char  can  be  used  to  generate  hydrogen  or  can  be 
burnt.  It  has  been  pointed  out  by  staff  of  the  Office  of  Coal 
Research  that  in  these  circumstances,  it  would  be  econoraic  to  have 
a multi-purpose  plant  in  which  by-products  of  one  process  would  be 
consumed  in  another.  The  products  of  such  a plant  might  be  High 
Btu  gas,  solvent  refined  coal,  and  electricity.  An  input  of  100,000 
tons  of  coal  per  day  would  be  needed,  which  presents  large  logistic 
problems. 

The  concept  obviously  has  merit,  but  probably  should  not  be  attempt- 
ed until  the  single-purpose  conversion  plaints  are  well  proven  in 
large  scale  units.  In  tlie  case  of  coal  liquefaction  to  a medium- 
to-heavy  fuel  oil,  hydrogen  needs  are  low  and  so  incorporation  of 
the  plant  into  a multi-purpose  installation  would  be  of  little 
advantage . 

9 . Nuclear  Power 

In  1971,  nuclear  energy  provided  0.37,  of  the  Nation's  total  energy 
needs.  The  capital  costs  of  nuclear  power  plants  have  proved  to 
be  much  higher  than  initially  anticipated.  Present  designs  are 
not  as  efficient  as  new,  modern  fossil  fuel  fired  power  stations, 
although  they  are  more  efficient  than  man)  fossil  systems  now  in 
use.  Fast  breeder  reactors,  now  under  development,  will  not  only 
conserve  uranium,  but  will  permit  the  use  of  different  concepts 
of  thermal  engineering,  with  the  result  that  they  will  have  much 
higher  thermal  efficiencies  than  present  plants.  Problems  of 
radioactive  waste  disposal  will  still  remain.  But  even  when  nu- 
clear energy  is  making  a considerably  higher  contribution  than  it 
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docs  now,  it  will  still  contribute  primarily  to  electricity  gen-  ra- 
tion, which  provides  only  less  than  one-fourth  of  the  Nation's  en- 
ergy needs.  In  the  meantime,  many  nuclear  reactors  of  the  current 
type  are  being  built  or  are  seeking  licenses. 


TABLE  VIII 

OPTIONS  IN  THE  USE  OF  COAL  CONVERSION  PRODUCTS 


Energy  Use 

E lectr icity 

Domestic  and 

Transportation 

Indus  trial 

Generation 

Commercial 

% of  total  energy 

26.3 

24 . 5 

25:2 

32 

used 

Approx,  efficiency 

31 

50 

20 

33 

of  energy  use 

Possible  fuels,  in 
order  of  preference* 

heavy  oil 

med i urn/ light 

None  (petroleum 

light  and/or 

fuel  oil 

is  best) 

heavy /medium 

'' 

oil 

low  BTU  gas 

coal  (if  burnt 
in  fluidized 
bed  combustors) 

V.  ’ T">  rP  T T 

i->  Jl  vJ  ct  O 

V*  -T  -^*L  TirPTT  ~ 

u a.  u L 

low  BTU  gas 

hi.gh  BTU  gas 

The  order  of  preference  is  based  on  cost,  efficiency  and  ease  of  distribution. 
The  order  is,  of  course,  arguable  to  some  extent. 

For  steam-raising  only. 
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C.  Evaluation  of  Energy  Distribution  Problems 


1 . Electrical  T r a n s m 1 sion 

As  trie  demands  for  energy  in  the  Commonwealth  have  increased  the 
transmission  of  energy  by  electrical  wires  has  followed  th . requirements 
of  the  consumer.  Initially  transmission  was  local  in  nature,  each  gen- 
erating station  transmitting  its  own  power  to  a group  of  customers  ad- 
jacent to  it.  The  interconnection  of  generating  stations  began  in  the 
early  period  of  the  industry  and  has  progressively  increased  to  where 
not  only  generating  stations  of  individual  companies  have  been  inter- 
connected but  companies  have  been  interconnected  and  operate  as  groups. 
And  now  the  groups  have  been  interconnected  into  a nationwide  grid  where- 
by electrical  power  flows  from  border  to  border,  east  to  west  and  north 
to  south. 


The  transmission  voltages  initially -were  at  2400  volts  and  progress- 
ively have  increased  as  the  loads  have  demanded  additional  power  trans- 
ferred to  where  today  the  highest  voltage  operating  in  the  Commonwealth 
is  500,000  volts.  The  Pennsylvania-New  Jersey-Mary land  Interconnection 
initially  operated  as  an  interconnection  of  the  Pennsylvania  Power  and 
Light  Company,  the  Philadelphia  Electric  Company,  the  Public  Service 
Electric  and  Gas  of  New  Jersey.  This  interconnection  started  in  and  was 
the  Nation's  first  power  pool. 


As  the  generation  of  electricity  has  become  more  and  more  concen- 
trated in  larger  units  due  to  the  demand  of  the  public  to  remotely  locate 
these  large  stations  away  from  urban  centers,  more  and  more  power  must 
be  transmitted  to  the  centers  of  population  over  high-voltage  transmis- 
sion circuits.  The  increasing  pattern  of  higher  voltages  lias  been  nec- 
essary in  order  to  transmit  larger  and  larger  blocks  of  power.  These 
large  transmission  power  lines  have  received  considerable  opposition 
from  various  local  groups  who  have  succeeded  in  delaying  the  installa- 
tion of  the  lines  as  much  as  two  to  three  years;  e.g.,  the  Delaware 
River  crossing  problem  faced  by  the  Delmarva  Power  and  Light  Company. 

Most  energy  transmission  by  e lectricity  in  Pennsylvania  has  developed 
utilizing  alternating  current,  although  some  of  the  original  power  trans- 
mitted on  a very  local  basis  adjacent  to  generating  stations  was  direct: 
current  at  relatively  low  voltages.  Today  studies  are  underway  to  as- 
certain the  feasibility  of  utilizing  high  voltage  direct  current  lines 
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ng  able  to  transmit  very  large  blocks  of  power  utilizing 
pace.  However,  it  is  necessary  to  install  expensive  equip- 
transform  the  alternating  current  at.  either  end  of  the  direct 
current  line  and  as  such  the  economics  will  only  justify  the  transfer  on 
very  large  blocks  of  power  over  relatively  long  distances. 


( a ) lind cr ground  T ra n sm i s s i o n 

Present  technology  precludes  the  utilization  of  underground 
transmission  for  bulk  transfer  of  power  from  large  generating 
stations  through  urban  centers.  The  capital  costs  of  high 
voltage  underground  transmission  is  ten  to  thirteen  times  more 
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expensive  than  comparable  overhead  design  at  simi  lar  voltage:.. 
Five  hundred  KV  underground  cable  technology  is  currently  be- 
ing assessed;-  however,  its  reliability  for  a modern  electrical 
system  has  not  been  accepted  to  date.  The  transfer  of  electri- 
cal energy  within  the  urban  complex  can  be  accomplished  with 
underground  cable  at  much  higher  capital  costs,  which  must  be 
paid  by  the  rate  payer. 

(b)  S umma r y 

The  need  to  site  power  plants  at  specific  locations  will  re- 
quire the  development  of  energy  corridors  either  under  the 
auspices  of  the  Commonwealth  or  by  acquisition  by  the  public 
utilities.  The  conservation  of  land  requirements  would  indi- 
cate the  development  of  an  overall  plan  in  the  Commonwealth 
for  energy  corridors  to  transfer  energy  in  the  form  of  liquid, 
gaseous,  or  electrical.  Presently  available  locations  such 
as  interstate  highways  and  turnpikes  which  have  already  con- 
sumed the  land  might  be  considered  for  this  purpose;  existing 
and  abandoned  railroad  rights  of  way  are  another  possibility. 
Criteria  for  power  plant  siting  must  be  accomplished  by  criteria 
and  means  for  siting  distribution  systems  to  transmit  energy 
from  the  power  plant  location  to  the  urban  centers  where  util- 
ization will  occur. 

p 

2 . Pipe  Lines 

Pipe  lines  have  been  utilized  for  the  transmission  of  liquid  and 
gaseous  fuels  since  the  initial  laying  of  a pipeline  from  the  northwest 
oil  fields  in  Pennsylvania  by  the  Tidewater  Oil.  Coal  pipe 

lines  have  also  been  utilized  but  not  to  any  extent  in  Pennsylvania, 
with  the  exception  of  local  transfer  within  the  .collieries  of  coal  com- 
panies. The  least  expensive  method  of  transporting  energy  is  by  the 
utilization  of  oil  pipe  lines  which  can  transport  energy  at  approxi- 
mately one- third  the  cost  of  coal  pipe  lines  or  interval  trains  or  gas 
pipe  lines. 

If  power  generating  stations  are  to  be  sited  remote  from  urban 
centers  the  necessity  to  transfer  low  sulphur  crude  oil  or  residual  oil 
by  pipe  lines  has  required  the  consideration  of  installing,  these  lines 
overhead  instead  of  the  normal  underground  installation  previously  used. 
Since  these  lines  are  visible  and  under  pressure,  their  impact  upon  the 
ecology  has  been  questioned. 

3 • Unit  Trains 

Unit  or  integral  trains  have  lowered  the  cost  of  coal  movement  by 
about  forty  percent,  but  at  the  present  time  their  savings  are  limited 
to  movement  over  one  rail  carrier's  line  only,  with  the  additional  pro- 
blem of  where  rail  mergers  have  occurred  legal  requirements  cause  an  in- 
crease in  cost  since  local  union  jurisdiction  requires  changing  of  crews . 
Integral  trains  are  almost  competitive  with  gas  in  transferring  energy, 
as  well  as  competitive  with  500  to  700  KV  overhead  transmission.  It 
should  be  remembered  that:  integral  or  unit  trains  can  be  utilized  to 


- 72 


f 


c 


transfer  liquid  fuels  as  well  as  solid  fuels.  The  success  of  the  unit 
train  has  been  limited  due  to  the  lack  of  sufficient  hopper  cars  and 
the  fact  that  the  majority  of  mines  arc  not  equipped  to  store  coal,  in 
a manner  to  efficiently  load  unit  trains  or  to  be  able  to  inventory 
coal  during  shortages  of  hopper  cars.  Additional  hopper  cars  are 
urgently  needed. 

If  this  means  of  energy  transportation  is  to  be  developed  to  its 
ultimate,  the  financial  condition  of  the  railroad  industry  will  have  to 
be  corrected,  as  very  large  commitments  of  capital  funds  will  be  neces- 
sary in  order  to  permit  the  efficient  utilization  of  unit  trains  for 
the  transfer  of  coal  within  the  Commonwealth.  As  the  Commonwealth  has 
a very  well  developed  railroad  network,  the  transfer  of  coal  energy 
should  be  encouraged  rather  than  utilizing  alternate  modes  of  energy 
transportation,  which  would  of  necessity  consume  additional  land 
either  by  overhead  transmission  of  electrical  energy  or  overhead  pipe 
line  transfer  of  liquid  fuels. 

4 . Impact  on  the.  Environment 


Bulk,  transfer  of  energy  in  any  form  has  some  impact  upon  the  environ- 
ment. In  the  utilization  of  land  for  railroad  rights  of  way,  electrical 
power  lines  rights  of  way,  or  underground  or  overhead  pipe  lines  for  oil, 
coal  or  gas,  the  least  impact  occurred  by  the  utilization  of  proposed 
energy  corridors  developed  in  such  a means  to  transfer’  the  energy  from 
its  source  to  the  urban  centers  of  consumption.  In  the  urban  areas  the 
least  impact  on  the  environment  occurs  by  the  utilization  of  underground 
distribution  of  energy.  Presently,  natural  gas  is  distributed  by  under- 
ground pipe  line  and  any  net;  residential  develop:  ants  in  the  Common- 
wealth are  receiving  their  electrical  energy  by  underground  calls  dis- 
tribution. Within  the  next  ten  to  fifteen  years  most  of  the  distribution 
system  of  the  electrical  utilities  will  have  been  rebuilt  and  most  will 
have  been  replaced  with  environmentally  acceptable  overhead  or  under- 
ground. As  the  energy  demands  increase  in  the  urban  areas  a network  of 
transportation  modes  must  be  developed  to  deliver  the  energy  as  inexpen- 
sively as  possible  with  the  least  impact  on  the  environment.  These  two 
requirements  may  possibly  require  the  siting  of  smaller  power  plants 
nearer  the  consuming  center  in  order  to  limit  the  necessity  to  trans- 
port as  much  energy.  These  close  hand  power  plants  might  possibly  be 
large  centrally  operated  fuel  cells,  (United  Aircraft  Development)  or 
could  utilize  pure  hydrogen  which  would  be  pipe  lined  to  the  urban  cen- 
ters from  a large  electrolizer  adjacent  to  a nuclear  power  plant  as 
proposed  by  Dr.  Linden.  The  hydrogen  would  then  be  utilized  in  homes 
directly  or  in  fuel  cells  at  the  urban  center. 

To  help  mitigate  the  problems  of  energy  distribution,  the  present 
adversary  legal  system  should  be  reviewed  in  order  to  enable  the 
Commonwealth  to  distribute  energy  in  a method  acceptable  to  the  envi- 
ronment in  general,  but  not  limited  by  individualistic  complaints. 


Q 


5. 


Centralized  Heating  and  Cooling 


The  comfort  conditioning  of  the  occupied  space  of  buildings  util- 
ized for  commercial  and  residential  use  requires  a eei form  code  for  en- 
ergy loss  in  the  winter  and  gain  in  the  summer  by  various  zones  within 
the  Commonwealth  in  order  to  conserve  energy.  If  conservation  of  ener- 
gy is  to  be  developed  in  this  way,  the  delivery  of  the  energy  can  also 
be  optimized  by  the  use  of  central  heating  and  cooling  where  possible. 
This  will  permit  the  interchange  of  heat  gain  and  boat  loss  which  now 
results  in  considerable  waste.  The  delivery  of  energy  to  such  a cen- 
tral system  can  be  by  any  of  the  fuel  sources;  coal,  oil,  gas  or  elec- 
tric. Environmental  conditions  of  the  central  plant  would  be  the  de- 
termining factor  in  the  type  of  fuel  used. 

The  delivery  of  energy  to  individualized  units  in  lower  density 
areas  would  indicate  the  utilization  of  either  oil,  gas  or  electric. 
Environmental  conditions  ultimately  will  probably  require  some  controls 
on  oil-burning  equipment.  Gas  and  electricity  should  be  more  accept- 
able. The  utilization  of  the  heat  pump  in  areas  where  the  heating  and 
cooling  requirements  would  economically  justify  the  additional  capital 
cost  is  an  additional  way  of  reducing  energy  consumption  by  gaining 
heat  from  the  outside  air. 


D . Assessment  of  Energy  Needs  for  Transportation 


Most  of  the  background  information  for  this  section,  particularly 


parts  1 and  2,  were  extracted  from  r* 


:ere: 


ice  ( 2 ) . 


As  the  demands  for  petroleum  fuels  grow 
impact  on  the  transportation  market  where  great  re  Iran c 
such  fuels.  The  question  of  how  best  to  use  energy  for 


they  will  have 
e is 
t'rans 


a severe 
placed  on 
portation 


thus  becomes 
the 


pressmj 


one  . 


The  problem  is  complicated  by  the  fact 


t energy  requirements  for  transportation  are  expected  to  grow  sub 


stantially  in  the  years  ahead  (10)  and  that  efforts  to  limit  pollution 
emission  from  automotive  vehicles  (our  major  transportation  mode  at  pre- 
sent) are  resulting  in  less  efficient  utilization  of  fuels. 


] . Energy  Used  in  Transportat i c n 


Table  VIII  lists  the  amount 
reported  in  reference  (2).  As 
of  the  Nation's  Net  Energy  Input 


of  energy  used  for  transportation 
shown  in  this  table,  approximate  1 v 
(NET)  is  used  for  transportation. 


as 
2 97. 

(Net 


energy  input  is  defined  as  the  Gross  Energy  Input  minus  that  energy 
which  is  lost  in  generating  electricity.)  Reference  (2)  reports  that 
247,  of  the  gross  energy  input  is  used  for  transportation. 


Table  VIII  also  shows  that  secondary 
such  as  fuel  refining  and  manufacture  of 
another  9%,  so  that,  the  total  energy  used 
rises  to  387.  of  the  NEI . 


transport  - related  a c t i v i t. i e s 
transportation  equipment  add 
for  transportation  activities 


( 


2 . Efficiency  of  Various  Trans  portat.  i oi  M < cl  : 


The  efficiency  of  various  modes  of  transportation  is  ’ L illus- 
trated by  the  amount  of  fuel  used  per  passenger-;  .lie  or  per  ton-mile  of 
'freight.  Generally,  transportation  inodes  with  poor  efficiency'  also  emit 
the  most  pollutants  per  passenger-mile  or  ton-mile. 

Table  IX  lists  comparative  energy  requirements  for  various  modes 
of  passenger  transportation . Examination  of  this  table  shows  that  trains 
and  large  busses  are  the  most  efficient  for  transporting' passengers . 
Automobiles  utilize  four  to  eight  times  as  much  energy  per  passenger- 
mile  and  jet  airplanes  utilize  about  six  times  as  much  energy  as  fast 
trains  and  large  busses.  For  freight  handling,  pipelines,  trains  and 
barges  provide  more  than  200  ton-miles  per  gallon  of  fuel  while  trucks 
transport  about  50  ton-miles  per  gallon. 


3 * Acti on  Needed 

Since  transportation  at  present  relies  heavily  on  petroleum,  the 
increasing  shortages  of  such  fuels  have  severe  implications  on  the  future 
of  various  transportation  modes.  To  mitigate  this  situation  several 
important  steps  must  be  taken: 


(a)  Greater  use  of  rail  transportation  must  be  made  both  for 
freight  and  passengers.  The  railroads  cannot  be  allowed  to 
die.  As  a matter  of  fact,  they  must  be  improved.  In'  the  East: 
high-speed  systems  are  needed.  Where  lines  are  abandoned, 
means  must  be  developed  to  have  the  state  get  control  of 
rights  of  way  lest  they  be  lost  for  future  use. 

(b)  More  electrification  of  railroads  wi 1 1 be  needed  in  the  years 
ahead,  especially  in  areas  with  high  density  traffic.  Elec- 
tricity-producing nuclear  power  plants  thus  might  be  used  to 
augment  the  energy'  supply'  used  for  transportation. 

(c)  More  efficient  automobiles  with  low  polluting  characteristics 
must  be  developed.  Development  of  electric  cars  for  urban 
use  must  be  accelerated. 

(d)  Where  automobiles  must  be  used  for  transportation  to  and  from 
work,  incentives  for  sharing  of  rides  should  be  instituted. 

■f  o 

(e)  Interfaces  between  various  forms  of  transportation  must  be 
improved  to  facilitate  the  flow  of  both  passengers  and  freight. 

(i ) Imrpove  urban  mass  transportation  to  reduce  use  of  automobile 
and  second  and  third  car  purchases. 


TABLE  IX 


ENERGY  FOR  TRANSPORTATION 

IN  QBTU's  (QUADRA 

ELION  BTU's) 

% of 

Ne  t 

Total 

Energy 

Sector 

Use 

(QBTti) 

QBTU 

Input-' 

Primary 

Automobi lc 

7.60 

Trans port 
(propulsion) 

Truck  and  bus 

- 3.06 

Jet 

1.63 

Railroads 

0.72 

Marine 

0.55 

All  other  prop. 

1.59 

15 . 15 

29% 

Secondary 

Fuel  refining, 

> 

Transport 

asphalt  and  road 

(re  la  ted 

oil,  energy 

2.42 

activities) 

Primary  metals  used 

in  transport 
manufacture 

1.02 

Manufacturing 

0 . 53 

All  other  secondary 

1 .05 

5.02 

_9% 

Total 

38% 

* Reproduced 

from  reference  (2  ), 
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TA1VJI 


EFFICIENCY  OF  MODES  OF  PASSENGER  TR. 


' FOR 


Tran.  por  La  Lion 


Efficiency 


Mod  e 

Cruise- 

Power 

(HP.) 

S peed 
(mph) 

RAIL 

Fast  train** 

2,400 

100 

Commuter  train! 

4 , 000 

40 

Cross-country 

train 

2,400 

60 

10-car  subway 
train-H- 

4,000 

30 

ROAD 

Large  bus 

200 

50 

Automobi le 
(sedan) 

50 

67 

AIR 

747-jet 

60,000 

500 

707-jet 

28,000 

500 

STOL#  plane 
(4-prop) 

10,000 

200 

SST  (US) 

240,000 

1,500 

Helicopter 
(3  engine) 

12,000 

150 

Seat 

Ca- 

pac  i t.y 
(no . ) 

Occu- 

pancy 

As- 

sumed 

(7 >) 

(Pass . 
mi  le 

per 

gal.) 

(BTU ' s 
per 

pas s . 
mi  le) * 

360 

55 

133 

'980 

1,000 

50 

100 

1,300 

360 

55 

£0 

1,600 

1,000 

50 

75 

1,700 

43 

58 

125 

1 , 000 

4 

25-50 

16-32  8, 

100-4 , 100 

360 

55  > 

22 

5 , 900 

136 

62 

21 

6,200 

99 

55 

18 

7,200 

250 

60 

13.7 

9,500 

78 

58 

7.5 

17,300 

* Conversion  obtained  with  130,000  BTU ' s per  gallon. 

**  3-car,  self-propelled,  bi-directional  double-deck,  57  tons  per  car. 

+ 10-car  train  with  2 diesel  locomotives,  950  tons  gross  weight. 

-H-  New  N.Y.  subway  train  at  heavy,  non-rush  hour  traffic. 

ir  Short-  take  - o f f - and  - landing  (see  "Aircraft  in  the  Balance,"  Environment , 

December,  1971). 

Source : Rice,  R.A. , ASME , 70WA/ENER-8,  November  1970,  Table  12. 

Reproduced  from  Reference  (2). 


77 


c: 


References  Cited 


(1)  Gordon,  Richard  L.,  Professor  of  Mineral  Economics,  The  Pennsyl- 
vania State  University,  Letter  to  II.  J.  Palladino,  dated  February 
22,  1973. 

(2)  Grimmer,  P.  and  Luszczynski , K.,  Lost  Povrer,  Environment,  Vol.  l4, 
No.  3;  April,  1972. 

(3)  Smigel,  Albert  E.,  Comments  on  the  Energy  Problem,  Bureau  of 
Statistics,  Research  and  Planning,  Pennsylvania  Department  of 
Commerce,  December,  1972. 

(4)  U.  S.  Atomic  Energy  Commission,  1972  Atomic  Energy  Programs. 

(b)  Yellot,  John  I.,  Solar  Energy  in  the- Seventies,  The  Bent  of  Tau 
Beta  Pi,  Vol.  LXIV,  No.  2,  Spring,  197o • 

(6)  Krieger,  James  H. , Energy:  The  Squeeze  Begins,  Chemical  & Engineer- 
ing News,  Vol.  30,  No.  46,  November  13,  1972. 

(7)  McKetta,  John  J.,  et  al,  Report  to  the  Secretary  of  the  Interior 
of  the  Advisory  Committee  on  Energy,  June  30,  1971- 

* 

(8)  McKetta,  John  J.,  Today’s  Energy  Sources  - Their  Projected  Life, 
Presented  at  Symposium  for  Industrial  Users  of  Natural  Gas  - Mid- 
American Oil  Company  Forum,  April  24,  1973,  Houston,  Texas. 

(9)  McKetta,  John  J.,  IT.  S.  Warned  About  Energy  Chaos,  World  Oil,  Vol. 
174,  No.  7,  June,  1972. 

(10)  Winger,  John  G-,  et  al,  Outlook  for  Energy  in  the  United  States  to 
1985,  The  Chase  Manhattan.  Bank,  Energy  Economics  Division,  June, 
1972'. 

(11)  Gr  unde  man,  Frederick  D . , Report  from  the  Governor’s  Office  of  St.:  te 
Planning  and  Development  on  Pennsylvania  Energy  Consumption  Fore- 
casts, June  25,  1973- 


^ 12 j Edmunds,  William  E.,  Coe].  Reserves  of  Pennsylvania:  Total,  Re- 
coverable, and  Strippable,  Information  Circular  72,  Commonwealth 
of  Pennsylvania,  Department,  of  Environmental  Resources,  Bureau 
of  Topographic  and  Geologic  Survey,  1972. 

(13)  Preliminary  Recommendations  of  the  Workshop  on  R & D Priorities 
in  Pennsylvania,  March  5,  1973,  Center  for  the  Study  of  Science 
Policy,  Institute  for  Research  on  Human  Resources,  The  Pennsyl- 
vania State  Uni v e r s i t y . 


I - 


O 


(l7) 

Proceedings  of  the  Governor's  Briefing  on  Coal  Conversion  Processes , 
January  25,.  1973?  Harrisburg,  Pa.,  Office  of  Science  1 Technology, 

* . (15) 

Pennsylvania  Department  of  Commerce . 

Proceeding  •>,  Pennsylvania  Cool  Conference,  April  7,  1973,  Pittsburgh, 
Pa . 

(16) 

Szego,  G.  C.  and  Kemp,  C • C - , Energy  Forests  and  Fuel  Plantations, 
Chemtech,  Fay  1973* 

(17) 

Bureau  of  Mines  Energy  Programs  (1971),  IC  8551,  Bureau  of  Mines 
Information  Circular/1972,  United  States  Department  of  the  Interior. 

(18) 

Engineering  for  Resolution  of  the  Energy-Environment  Dilemma,  Report 
of  the  Committee  on  Power  Plant  Siting,  National  Academy  of 
Engineering,  Washington,  D.  C . 

(19) 

The  Potential  for  Energy  Conservatign,  A Staff  Study  Office  of 
Emergency  Preparedness,  October  1972- . 

(20) 

Chapman,  Howard  W . , Associate  Deputy  for  Air,  Wafer,  and  Community 
Protection,  Pennsylvania  Department  of  Environmental  Resources, 
Ecological  Constraints  on  Fuel  Uses,  presented  at  the  Pennsylvania 
Industrial  Fuel  Efficiency  Seminar,  Harrisburg,  Pa.,  August  22, 

1973  • 

(21) 

# 

Let's  Talk  About  Energy  Consumption,  a Pamphlet  Produced  by  the 
Oklahoma  Gas  and  Electric  Co. 

References  Used  in  Section  V but  not  Cited 

(1) 

Anonymous.  1972-  The  Demand  for  Energy  and  Appalachia's  Coal. 
Appalachia  5(7): 1-53- 

(2) 

Chamber  of  Commerce  of  the  United  States.  1972.  Meeting  the 

Natural  Energy  Needs. 

(3) 

Committee  on  Power  Plant  Siting.  1972 • Engineering-  f or  Resolution 
of  the  Energy-Environmental  Dilemma.  National  Academy  of  Engineer- 
ing. 

(7) 

Federal  Power  Commission.  1971*  The  1970  National  Power  Survey. 
Washington,  D.  C . 

(5) 

Hottel,  H.  C . and  J.  B.  Howard.  1971*  New  Energy  Technology. 

Some  Facts  and  Assessments.  Mass.  Institute  of  Technology. 

(6) 

Milz , E.  Hi  and  D-  E.  Broussard.  1972.  Technical  Cop-abilities  in 
Offshore  Pipeline  Operations  to  Maximize  Safety.  Offshore  Tech- 
no lx?  gy  Conference,  Dalla s , T e x a s . 

(7) 

Patrick,  R.  1972.  The  Potential  of  Various  Types  of  Thermal  Effects 
on  Chesapeake  Bay.  Journal  Washington  Academy  of  Sci*  ice , 62(2): 

a 

i7o-i77. 

79 


MEMBERS 


GOVERNOR'S  SCIENCE  ADVISORY  COMMITTEE 


•Thomas  G Fox  (Chairman) 
error's  Science  Advisor 
Carnegie -Me lion  University 


Dr . W . I . Buchert 
President 

Geisinger  Medical  Center 


*Dr . Carl  C . Chambers 
University  Professor  of  Electrical 
Engineering 

University  of  Pennsylvania 

“'Mr.  Richard  K.  Demmy 
Vice  President 
UGI  Corporation 

5';Dr.  S.  William  Gouse,  Jr, 

Director,  Environmental  Studies  Group 
Associate  Dean,  College  of  Engineering 
and  School  of  Urban  and  Public  Affairs 
Car regie -Me lion  University 

“Dr . Herschel  E.  Griffin,  Dean 
Graduate  School  of  Public  Health, 
l^^/ersity  of  Pittsburgh 

Mr.  Charles  M.  Helden 
Manage r , 1 ran sp ort at i on  Systems 
Strategic  Planning  Operation 
General  Electric  Corporation 

Dr . George  Huganir 

Special  Assistant  to  the  President 

Temple  University 

'•■‘Dr.  Alexander  Lewis,  Jr. 

Senior  Vice  President 
Gulf  Oil  Corporation 


Dr.  Joseph  F.  Libsch 
Vice  President  for  Research 
Lehigh.  University 


Dr.  Francis  J.  MIchelini 

President 

Wilkes  College 


“Dr.  N.  J. 
Dean,  Col 
sylva' 


Valladinc 
iga  of  Er 


inng 


0 


te  University 


5 -•  Dr  . Rut  h P at  r I ck 
Curator  and  Chairman 
Limnology  Department 
Academy  of  Natural  Sciences 


“Dr.  Paul  M.  Pitts,  Jr. 

Vice  President  - Research  £ Engii  arirg 
ARCO  Chemical  Company 

Dr.  Rust urn  Roy 

Director,  National  Research  Laboratory 
Pennsylvania  State  University 

Mr.  Chester  A.  Sadlow 

Director,  Health  Systems  Division 

Westinghou.se  R £ D Center 

Mr.  John  H.  Schmid 

Vice  President  for  Corporate  Engineering 
Zurn  Industries 

Dr.  Frank  W.  Smith 

Vice  President  for  Research 

Mine.  Safety  Appliance  Corporation 

Dr . Timothy  R.  Talbot,  Jr. 

Director 

Institute  for  Cancer  Researcn 

* 

“Mr.  Frank  M.  Temmel 
Manager,  Metallurgical  and  Chemical 
Process  Research 
Bethlehem  Steel  Corporation 

Dr.  Raymond.  L.  Wilkins 
Head  of  the  Instrument  Research 
and  Development  Laboratory 
Rohm  S Haas  Company 

“Dr.  Otto  W.  W its e Id- 
Dean,  Graduate  School 
Drexel  University 


*Mr . Robert  Sidman 
E xe  cu t i ve  D i re c t or 
Governor ' 


Energy  Task  Force 

OJ 


Mr , Rob  er  t La  ugl 1 1 ‘ n 
E xe  cut I ve  S e ere t ary  ( G S A C ) 
Director,  Bureau  of  Scientific 
and  Technological  Development 
Department  of  Commerce 


^Members . Energy  Management  Panel 
‘{“Ex-offico  Meirber,  Energy  Management  Fane 


0 


